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Sets up in minutes and really easy to use. 
This is a great starter telescope yet has 
all the features to grow with your hobby. 
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NYC from the ISS 


A favourite landmark of astronauts peering out of the international 
Pree a MRC See AUC mur | 3 
recognisable in this image by the distinctive rectangle of green on 
Cece cn eau geen 
Expedition 40 crew took this photo while the ISS flew around 420 ~ 
kilometres (260 miles) above the city. 
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MAVEN makes 
it to Mars 


Perfect orbital insertion burn nudges the probe into Mars's 
orbit, ready to return data about the Red Planet after a ten- 
month trip through the Solar System 
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Water vapour found on Neptune-sized 
planet 120 light years from Earth 


Astronomers had a stroke of good 
fortune when clear skies meant they 
could detect water vapour on a planet 
outside our Solar System 

HAT-P-Ib is an exoplanet around 
120 light years away from us that orbits 
HATP4, a star in the constellation of 
Cygnus, Telescopes Hubble, Kepler and 
Spitzer all worked together to detect 
and prove water vapour was rising 
from its surface. 

The good fortune came with the 
cloudless skies that allowed Hubble 
to make the discovery that gives 
astronomers hope that there could 
be similar water-containing planets 
residing in the area 





‘The water vapour was detected by 
Hubble's Wide Field Camera 3 
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The assistant administrator of 
NASA's Science Mission Directorate 
John Grunsfeld said, “This discovery 








isa significant milepost on the road to 
eventually analysing the atmospheric 
composition of smaller, rocky planets 
more like Earth. 

HAT-P4b is around the size of 
Neptune, which is another cause for 
celebration as previously it was only 
much larger planets that w 
be seen and analysed, making this the 


able to 





smallest planet that scientists have 





been able to detect molecules on so 
far. Its composition is gaseous with a 
rocky core and it orbits its star once 
every five days. 

The water vapour was detected 
using Hubble's Wide Field Camera 3, 
which watched HAT-P-IIb as it crossed 
in front of its star. Having noticed 
water vapour molecules by using 
transmission spectroscopy, it had to 
collect data from Kepler and Spitzer 
to prove they weren't from starspots 
on HATP1ll. Joint observations from 
the two telescopes showed that 
the starspots couldn't be giving off 
deceptive steam so Hubble's discovery 


hope to go on to 
discover many more water-containing 
planets, especially ones with a 
composition more like our Earth. 

Heather Knutson, who is co-author 
of the study, said, “The work we are 
doing now is important for future 
studies of super-Earths and even 
smaller planets” @ 























Clear skies ahead 





Dragon hooked up to the ISS 
having chased it through space 
for two days to deliver its cargo of 
supplies, mice and a 3D printer 


. 
mice? 
SpaceX's Dragon docked with 
the ISS on 23 September, having 
chased it down for two days. 

It was tasked with delivering 
supplies for astronauts on board 
the space station, a 3D printer 
and a selection of mice that will 
be used in an experiment on 
muscle degradation. 

After the Dragon caught up 
with the ISS, astronaut Alexander 
Gerst managed to grab it with a 
huge robotic arm to pull it in to 
safety and unload its cargo. 

‘This docking is the fourth in a 
series of 12 missions that NASA 
has booked with the private 
aerospace company to deliver and 
take back a variety of essentials 
and equipment for experiments. 

The 20 mice will be used to 
discover more about how and 
why astronauts lose muscle 
mass while in outer space and 
if there is any way to counteract 
this problem. The 3D printer will 
be used to print 3D objects for 
the first time in space, before 
returning with the Dragon 
for analysis on how much 
microgravity affects 3D printing 

There are also two ongoing 
missions onboard the craft, with 
oxidative stress-resistant fruit 
flies and space-grown lettuce due 
to return when it heads back to 
Earth in mid-October. @ 
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Lemon-aid 


for space 
designers 

ESA scientists have hit on a new 
way to keep their stainless steel 
pristine, The metal is usually 
cleaned with nitric acid, which is 
neither safe nor environmentally 
sound, so lemon juice has been 
put forward as an alternative. 


What's 
the matter? 


Scientists have detected a huge 





number of antimatter particles 
which could hint to the origin 

of dark matter. Using the Alpha 
Magnetic Spectrometer to search 
deep into space, researchers say 
they are a step closer to finding 
the elusive invisible matter. 


Planets 
age stars 


A study has suggested that some 
planets may have ageing effects 

on the stars they orbit. Researchers 
believe that the gravitational pull 
of planet WASP-18b has disrupted 
the magnetic field of its star WASP. 
18, reducing its X-ray emission and 
making it seem much older 


Curiosity 
drills deep 


NASASs Curiosity Mars rover 





has drilled down into a Martian 
mountain to collect its first 
sample. The rover went 6.6 
centimetres (2.6 inches) into the 
surface of the Red Planet to collect 
powdered rock for analysis by the 
over's internal laboratory 
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Life origins found 

Chemicals that form the basis of life 
have been discovered in our galaxy 
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‘The supermassive black hole at the 
centre of M60-UCDI makes up a huge 
part of the galaxy. Scientists believe 
the galaxy was once much larger than 
itis now, however 


Supersized 
hole in 


galaxy 


Astronomers got a supermassive 
surprise when they discovered 

a black hole with the mass of 21 

million Suns in one of the smalle: 
galaxies ever found. 

The M60-UCD1 dwarf gala 
500 times smaller than the Milky 
Way yet it is home to a black hole 
that is more than five times the 
mass of the one at the centre 
own galaxy, 

It is thought that it was once a 
large galaxy containing 10 billion 
stars, but got pulled apart when it 
passed close to another galaxy, the 
giant elliptical M60, which it now 
orbits. M60 itself has a whopping 
supermassive black hole at its 
weighing in at 4.5 solar mass 

arf galaxy can be found The Indian Mars Orbiter Mission 
on light years from Earth, (MOM) has followed in the tra 
}00 light years from M6O's of NASA's MAVEN mission by 
i's thought that this manoeuvring itself into Mars's orbit. ace Rese: ganisation (ISRO), 
galaxy could ultimately end up as where it plans to stay for between six as it has now become only the fourth 
a snack for M60's insatiable black and ten months. During this time it nation group to reach the fourth planet 
hole, although exactly when that will measure methane levels on the om the Sun, following the U 
will happen is unknown. @ Red Planet. Europe and the former Soviet Union. 
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MOM calls home 


India’s first mission to Mars has 
reached its destination after entering 
orbit around the Red Planet 
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Having launched ten months ago, 
the £46- ($75-) million probe will 
primarily investigate what turned the 
once warm, wet planet into the dry 
dustbow! that we today. It will also 
attempt to see if there is any residual 
methane on the planet, which could 
have been produced by a living thing. 

Each orbit of the planet should take 
just under 73 hours and it will get as 
los ometres (262 miles) 

ay from the surface of the planet. 

India’s Prime Minister Narendra 
Modi made a speech congratulating 
the mission's members and tweeted, 
“History is created [and I] am glad to 
have witnessed it. Will never forget 
this day! Congrats to our scientists." 

NASA was also in congratulatory 
mood with its administrator Charles 
Bok ying, “It was an impress 
engineering feat and we welcome 
India to the family of nations studying 
another facet of the Red Planet. 

We look forward to MOM adding 
to the knowledge the international 
community is gathering with the 
other spacecraft at Mars: 

MOM's arrival at Mats takes the 
number of probes currently orbiting 
the planet up to five. Three belong to 

IASA, while Europe's representative is J 
the Mars Express. @ 3 
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Good optics and excellent value for money. 
¥° starter telescope 


‘complete with finderscope, - 
table base and eyepieces. 


Kepler 


A strong and sturdy binocular - excellent value for money and a 
great tool for viewing the night sky at a great price. 


Olivon 


Excellent quality traditional styled binoculars. Rubber armoured, 
water resistant and BAK 4 optics. 


Ostara 


BAK 4 prisms, fully multicoated, waterproof ° 
and nitrogen filled. 


Ostara 


The ultimate in high quality viewing. 

Highest quality, full multicoated optics, prism and 

phase coatings for superb brightness, clarity and contrast. 
Waterproof and nitrogen filled, fully checked and tested in the UK. 
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Eyepieces & Accessories 


Visionary 


80mm objective refracting telescope, 
‘Sets up in minutes and really easy to 
Use. This is a great starter telescope 


yet has al th feature to grow with 
your hobby. ~ ’ 
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4.5" miror reflecting telescope with 
{ul astronomical equatonal mount 

takes just a short ime fo set up and 
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FF 27mm (1.25") £49.99 1a" ‘Long eye relief, rubber armour body. 
SWA 26mm (2”). £79.99 4: 
SWA 32mm (2”) £79.99 HD ase £99.99 
SWA 38mm (2”). £79.99 *¢ 


HD 7x50.....£79.99 
HD 10x50....£79.99 
HD 12x60....£89.99 


HD 15x70....£99.99 
HD 20x80.£149.99 
HD 20x80T £249.99 


HUGE RANGE 


of eyepieces and accessories 





ental idiae ba #1888) Many more filters and 
with free filter wallet accessories in stock, 
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P - Rosetta: The great comet chaser 
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Rosetta: The great comet chaser 


Churyumov and Svetlana Ivanovna Gerasimenko On that day ten years. five 
and, with it set to be at its closest point to the Sun on 
13 August 2015, it was in a perfect position to be met 
by Rosetta as it embarked on its decade-long 
After lifting off from Earth, from French Guiana ular orbit around the 
Rosetta used the gravitational pull of the Solar up with at long last. Even 
System's planets to help accelerate it forward. It flew though the mission had g ork from 
by Earth three times in 2005, 2007 and 2009, by the moment Rosetta was launched, the vast distance 
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Mars in 2007 and by two asteroids in 2008 and 2010. _between the comet and scientists on the ground 
In the process, it orbited the Sun five times. When it some 400 million kilometres (250 million miles) 
reached a point furthest away from the Sun, the craft meant news of the success did not reach them for 





was put into a 3l-month hibernation. If it hadn't been 
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put into an electronic sleep, its solar panels would topping moment for scientists but it thankfully 

have been unable to gather enough energy for its went without a hitch 

comet-chasing journey. In conserving its power, it This time delay will be typical of the mission, 

was able to continue its mission upon waking. meaning every move has to be made in advance 
By the time the spacecraft was stirred into action in the hope that it will ied out correctly a 








in January 2014, the comet was midway between the little whil 
orbits of Mars and Jupiter and Rosetta was suddenly Darmstad 


later. But for those at ESA's centre in 





Germany, this tiny delay matters little 















able to begin taking photographs of 67P/C-G, much With the long wait at an end, mere minutes mean 
to the relief of the mission scientists assembled on nothi { they are more than ready to unravel the 
the ground. But if there was elation that Rosetta hi many secrets of what astronomers have long called 
woken up on cue earlier this year, and was able to a mysterious mini ice world. Or, if you are Rosetta’s 
start sending some data back to Earth, it was nothing —_ project scientist Matt Taylor, a “flying potato: 
compared with the sheer relief felt by scientists on 6 A number of us have described it in that 
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History of the Rosetta mission 







Rosetta scientists were r With 67P/C-G Having performed fly- Rosetta was 

all set to fire up the identified as an bys of Earth and Mars, yw. By awoken from its 
spacecraft to meet the alternative, Rosetta Rosetta, powered via %, deep-space sleep 
comet 46P/Wirtanen was launched in French solar panels, was at a on 20 January 
but an issue with the Guiana on 2 March point furthest away 2014 much to 









launcher caused a delay. 2004. 67P's similarity 
This forced them to look to 46P meant few 
for another comet. changes were made. 


from the Sun, so had to 
be put into hibernation 


the delight of 
scientists. It was then on its last 
to save energy. leg on the journey, 
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On 6 August 
2014, Rosetta 
entered the 
comet's orbit 
and began 
its triangular 

path around it, keeping pace with the 

comet as it hurtled towards the Sun. 


Rosetta began a series 
of orbital correction 
manoeuvres, with some of 


the thrusts lasting several 
hours. The speed was 
being gradually reduced 
to around Im/s (3.3ft/s), 
ready for orbit insertion. 
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before sending information back 
to the orbiter, which will then 
relay it back to Earth. 
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Landing on 





a come 


Scientists hope to place the lander on 
the comet's surface in November 
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“The lander will be deployed 
at a very low speed” 


On 12 November, 
the lander will be 
released, touching 
down on the 
comet's surface 


Having reached the 

point in its orbit 

when it’s closest 

to the Sun (the 

perihelion), the 

comet will have 
displayed many changes. Scientists 
will have observed them close up. 


The mission will 
come to an end, 
although there is 
much talk about 
extending it into 
2016 or even 2017 to 
see how the comet 
re-energises itself. 
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consensus is that 67P/C-G looks like a rubber duck. 
“But then all of the observations scientists have made 
up to the point of Rosetta meeting 67P/C-G have 

only been preliminary. We've had estimates of what 
the comet looks like and what its rotation rate was, 
but close-up space-based observations are giving us 
much more of an idea. Being up close to a comet for 
the very first time is truly exciting, sexy even, and we 
are in a position to learn so much more” 

Right now, as you read this, Rosetta - named after 
the Rosetta Stone which has provided the key for the 
modern understanding of Egyptian hieroglyphs - is 
continuing to escort the comet as it heads towards 
the Sun at 55,000 kilometres (34,000 miles) per 
hour. It will keep pace with 67P/C-G for more than ay 
a year, travelling at a relative speed that falls within Moura, Japan **"**"-ssggammaaace 
one metre (3:3 feet) per second, In order to achieve Neon apne, 
such a speed, Rosetta had to slow down from the 
800 metres (2,625 feet) per second it had been 
travelling when it came out of hibernation. Scientists 
performed rendezvous manoeuvres to subsequently 
put the brakes on, 

“It means we can ride along,” says Taylor of the 
incredible feat currently being performed. “We're 
escorting the comet rather than flying past it and 
then coming back again. We'll stay alongside it at 
walking pace which, scientifically and also from an 
operational perspective, makes things a bit less risky” 
He refers to the Giotto spacecraft, which flew by and 
studied Halley's Comet. “That spacecraft suffered 
some significant impact damage from Halley's Comet 
and broke one of the instruments,” continues Taylor. 
“It was travelling at a kilometres-per-second relative 
speed which, in a dusty and lumpy environment, is 
quite dangerous. If you're travelling at a metre-per- 
second it's not as big a problem,” 

With all the technical issues addressed and with 
Rosetta happily in orbit around the comet, scientists 
can now test a whole host of theories, which they 
hope will give them a greater understanding, not 
just about comets but the Solar System as a whole, 
Aboard Rosetta are 21 instruments, ranging from 
spectrometers to imaging systems, and these will 
be used to map the surface of the comet's nucleus 
and test its atmosphere, Each week there will be a 
series of thruster burns to keep the spacecraft in 
orbit around the comet. These vital manoeuvres 
will enable scientists to continue working out what 
comets contain, how they evolve and how they work. 

Experts will also be able to gain better answers to 
one of the most burning questions about comets: did 
they deliver water and carbon to Earth, helping to 
spark life on our planet? There has been much debate 
over where water has come from and what organic 
molecules exist within comets. By watching 67P/C-G 
as it transforms from its current inactive, cold state to 
‘one that is active and able to shed hundreds of kilos 
of dust and glass as it gets closer to the Sun, Rosetta 
is in a great position to answer this query. 

“Previous observations from a number of other 
missions have shown that different classes of comet 
have different types of water,” Taylor says. “So if you 
look at the isotopic ratios of water and compare them 
with other bodies in the Solar System, they give you 
a track back and a benchmark as to where they may 
all have come from.” He says 67P/C-G is believed to 
have an isotopic ratio similar to Earth. which could 
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.. How big is 
Rosetta's comet? 


When Rosetta captured its first close-up images of 67P/Churyumov- 
Gerasimenko as it entered its orbit, scientists were amazed to see cliffs as high 
as 100 metres (328 feet). While Earth has natural structures that would dwarf 
that, the comet itself is nevertheless an impressive beast. If stood on its end, at 
four kilometres (2.5 miles), it would be taller that Mount Fuji, Mount Olympus 
and Vesuvius, It would also make man-made structures including the Bur) 
Khalaifa, Empire State Building and the Eiffel Tower, appear puny. It may not 
top Mont Blanc but Comet 67P/C-G is an impressive piece of space debris. 








Comet 
67P/C-G 


Height: 4,000m 
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interests, the mission has also been a major 
feat of engineering. Ritchie Kay provides 
support for mission planning and operations. 


Were there any problems getting to 67P/C-G? 
‘The biggest issue has been keeping the teams 
‘together and the knowledge in place. There are 
lots of different instrument teams involved, 
spread actoss different European and American 
institutions. With a mission that has taken so 
Jong to get to this point, there is always the 
challenge of trying to keep everything together, 


Was the hibernation period ing? 

It was a fairly unique thing to do. We essentially 
powered it down and didn’t have any 
communication with it for two and a half years, 
There was a psychological barrier to get through 
because we didn't know what was going on and 
‘we were waiting to see if it came back alive on 
the appointed day. 


It must have been a relief when it did... 

From a kind of scientific point of view, there was 
every reason to believe everything was going 
fine but from a psychological view two and a 
half years is a long time. It was an incredible 
relief and the day was very tense for everybody. 


Are you particularly excited about landing on 
the comet itself? 

‘The lander is an important part of the mission 
but it’s very much an added extra. The 
spacecraft itself has lots of instruments on 
board and it will be flying with the comet and 
measuring it, so even without the lander it's a 
very valuable mission. 


Would extending the mission beyond 2015 be 
an issue for the team? 

2015 takes us beyond the point where the comet 
passes closest to the Sun, so from then on we're 
going back out again, but we're doing the same 
science and I'm sure all of the scientists once 
we'e there will have further things they want 
to see that they didn't get chance to investigate 
before. We don't have a problem power-wise 
until into 2017. Essentially, as long as the 
spacecraft has survived, there's no reason not to 
extend for at least a year. 
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help scientists understand how 
the planet, given its hot location close 
to the Sun in the early days of the Solar System, 
came to be awash with water. 

Rosetta's studies will also be able to discern levels 
of glycine, a pre-protein molecule that's been shown 
to exist on comets in a number of previous missions. 
“Comets were made up of these complex molecules 
that are the building blocks for protein and so the 
building blocks for DNA,’ Taylor explains. "Comets 
could have also delivered building block materials for 
life, to Earth.” 

Although such investigations are ongoing, Rosetta 
has been giving more than enough information 
for scientists to work with so far. Quite aside from 
Twitter users spotting a “human face” in the comet, 
of greater interest is that the comet 67P/C-G has 
a surface temperature of -70 degrees Celsius (94 
degrees Fahrenheit). This is warmer than was first 
thought, which is why the comet's ice would appear 
to be covered by dust. Observations show the comet 
may be made up of two definite components, one of 
which is elongated and the other more bulbous (the 
catalyst for the rubber duck/potato comparisons). 
Such objects are common and are referred to as 
contact binaries but it points to 67P/C-G being two 
comets, rather than one. 

“We had thought that perhaps the comet had been 
eroded through previous apparitions or transitions, 
or possibly suffered impact erosion, but it has the 
appearance of a contact binary, Taylor says. “That 
was one of the first ticks in the box because we 
wanted to get an idea of what the 3D structure 
looked like.” With that in mind, scientists can get on 
with mapping the comet's terrain and its gravitational 
field, although if 67P/C-G is a contact binary it will 
have two centres of gravity making manoeuvring 
Rosetta a touch more difficult. 

Still, some breakthroughs have been made during 
this mission so far. Scientists have been able to detect 
some water sublimation and outgassing, a kind 
of sweating process that produces a characteristic 
atmosphere (67P/C-G can sweat off as much as 300 
millilitres of water every second). They have spotted 
cliffs that are 100 metres (328 feet) tall. Along with 
steep slopes and precipices, there are deep pits, 
smooth plains and rocks with sharp edges. If it 
weren't for Rosetta's proximity, we would never see 
such detail, "From an observation perspective we are 
getting very high-resolution images of the surface” 
says Taylor. “In terms of resolution, it can be down to 
50 centimetres [20 inches}.” 

Very soon the resolution will be even greater. The 
Rosetta mission aims to get so close that it will, in 
November, seek to send a lander onto the comet's 
surface. This will unlock so much more knowledge, 
enabling experts to fully understand these objects 
in general and how they interact. Sniffing a comet 
is one thing, the scientists say, but scratching the 
surface is quite something else. A landing site known 
as J" on the head of the comet has been chosen, a 
task that has not been easy because scientists are 
aiming for the most perfect position, but they have 
just one shot. The lander will be released from a 
height of around a kilometre up (0.6 miles). When it's 
anchored to the comet's nucleus, it will send high- 
tesolution images and information about the comet's 








www.spaceanswers.com 


Rosetta: The great comet chaser 





“Along with steep slopes and precipices, 


there are deep pits, smooth p 


ices and organic crust to the orbiter, which will store 
them for transmission back to Earth. 

“The lander is the cherry on top” says Taylor. "That 
really puts us as close as we can to the comet and 
it lets us dig into that primordial material. By riding 
along, then detecting material coming off the comet 
and by actually landing on it, we can get to grips with 
its whole evolutionary process. It will show us why 
comets are important. 

“Because we look at comets as being time capsules 
from the early formation of the Solar System, any 
material therein could have been locked in from 
ancient times, Taylor continues. “We're sampling that 
in as pristine a state as possible, because the closer 
you get, the less processed it is, By landing on the 
surface, it gives us the best idea of how and what 
material was around at the time of the early Solar 
‘System. It also indicates where that comet came from 
in the early Solar System” 

The headache posed by the lander has overtaken 
the main concerns expressed during the month 
before Rosetta went into orbit. Scientists have been 
desperately looking for an area free of rocks, craters 
and holes. Crucially, they want somewhere with soft 
ground so that the probe can delve deep into the 
comet's structure. 

Back in July, the main operational decision was 
to work out how to fly the spacecraft around the 
comet. "We had a rough idea how we'd do it, but we 
only really knew for sure once we got up close to 
the comet, because it had never been done before. 
Nobody has ever flown or tried to orbit around a 
comet, says Taylor. 


alns 


Nevertheless it has helped that 67P/C-G is a 
periodic comet, which is one that either has an 
orbital period of less than 200 years or has been 
observed during more than one perihelion passage. 
This pattern in its movements brings with it a certain 
level of predictability to the table. Scientists were able 
to use the celestial mechanics of Johannes Kepler 
and Joseph-Louis Lagrange, which have been in 
circulation for centuries. However, they also knew 
that this particular comet orbits the Sun once every 
6.45 years and rotates once every 12.4 hours - its 
periodic nature is why its name is prefixed with 67P 
to help identity it 

“We expect comets to be unpredictable and that 
is natural” says Taylor. “With 67P/Churyumov- 
Gerasimenko, there was an increase or a burst of 
activity, that then went back down to a background 
level, but it has appeared to behave itself somewhat 
since then. All of this being said, we planned for two 
levels of activity based on previous apparitions of the 
comet and our understanding of comets in general 
from ground-based observations of how we think 
the activity would evolve for this particular class 
of comet. We have a low-activity and a very high- 
activity case, and we plan within that envelope of 
those two limits... 

As the comet nears the Sun, its behaviour will 
change. It will become more-active so any volatile 
material that’s stuck inside will start a process 
of sublimation. This is where the frozen material 
changes instantly to a gaseous form and this pushes 
out a lot of dust. Getting closer will enable Taylor 
and his colleagues to see what that primordial dust 
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The Societies’ Photographic Convention: 14-18 January 2015 
Convention and Trade Show Trade Show: 16-18 January 2015 


Europe’s Largest All-welcome Photographic Convention Venue: Hilton London Metropole 


If you are an aspiring professional this 
Convention and Trade Show is a must! 
The Societies’ members and non-members are welcome. 


FREE Photographic Trade Show 


See all the latest cameras and other photographic gear. The three day Trade 
Show spanning the Friday to Sunday is a gathering of the who's who in the 
photographic industry, with major manufacturers eager to show you the latest 
in technology and design. 


What's On Masterclasses 


Free to enter trade show* 
Business School 

Location Seminars 

4 days of Masterclasses 
Superclasses 

Qualification Assessments 
20x16” Print Comp Judging 
Filmmaker Judging 
pee Tickets: Day Pass from £50 _ 
Welcome Party 4 Day Full Pass from £150 


Don’t miss out on the chance to 
start off the year with inspiration 
from some of the world’s best 
photographers 


250 hours of Masterclasses have been 
confirmed for the 2015 Convention. 





Register for your free trade show tickets today!* www.swpp.co.uk/convention/ 


Planet core simulator 


Planet core 
simulator 


Could there be giant diamonds inside Neptune? 
Scientists have replicated the conditions at a giant 


planet's core to find out 


‘The extreme temperatures and pressures inside the 
core of Neptune make visiting it virtually impossible, 
so the best we can do at the moment is simulate its 
extreme environment using Earth-based lasers, 
Scientists at the US National Ignition Facility 
(NIF) have focused their work on the conditions 
inside Neptune to understand more about it and the 
formation of gas giant planets in our Solar System. In 
addition, the vast majority of exoplanets discovered 
by the Kepler space mission are of a similar size and 
probably have similar characteristics to 
(such as 55 Cancri e, which is 40 light years away 
from us), so any insights can be applied to them too, 





The decomposition of methane and other 
elements of its atmosphere under enormous heat and 
pressure might have created a diamond core inside 
Neptune, and it may well rain diamond crystals 
inside its atmosphere. 

Earlier experiments conducted using the Omega 
Laser (a device that focuses 60 powerful lasers on 
to a target just one millimetre or 0,004 inches in 
diameter) at the University of Rochester, New York, 
indicated that under extreme heat and pressure 
diamonds turn into liquid carbon. Small chunks of 
diamond float in the liquid, like ice in water. 

This led to speculation by Jon Eggert of the 
Lawrence Livermore National Laboratory that Uranus 
and Neptune 
huge chunks of diamond ‘bergs’ floating around 
them. These diamond-encrusted seas might deflect 
the magnetic fields at their core, and explain why 
both planets have magnetic poles that aren't aligned 
with their rotational axes. 

To carry out the latest research at the NIF a 
technique called ‘dynamic ramped compression 
was used. This involves firing 176 laser beams that 
are mounted inside a spherical aluminium target 
chamber, at a small diamond positioned inside a gold 
cylinder at the centre of the chamber 

The energy produced by the lasers created 
a pressure wave 50 million times the Earth's 
atmospheric pressure (five terapascals) that easily 
vaporised the diamond in less than 10 billionths 
of a second, That time span makes the blink of an 
eye seem like an eternity and is an incredible feat 





‘ould have liquid carbon cores with 


when you consider that diamonds are the hardest 
substance found in nature. 

The combined energy of the lasers (0.76 
megajoules) on the carbon crystal compressed it to 
a density greater than lead, with a pressure 14 times 
that at the centre of our planet - very similar to the 
densities found at the core of Saturn. 

Certainly, this research is also able to provide a 
few additional insights into the nature of the core 
structures of the gas giant planets of our Solar 
System - Saturn and Jupiter. Currently there are two 
basic theoretical models that are used to explain the 
formation of these planets. 

The core accretion model proposes that Jupiter 
originally had ten times the mass of Earth, and huge 
gravitational forces caused it to accumulate and trap a 
thick hydrogen atmosphere 

The giant instability model considers that 
instabilities in density caused gravitational 
fluctuations that clumped hydrogen gas together 
without the need for a core structure 

One challenge was to keep the temperature low 
enough to replicate the conditions on gas giant 
planets, which they achieved by precisely adjusting 
the laser intensity. As the pressure was increased, the 
density, sound and stresses taking place in the crystal 
carbon were carefully monitored. 

It was expected that they would see a series of 
phase transitions as the crystal became denser, but 
nothing of this nature was detected. Why these 
transitions do not occur is something of a puzzle at 
the moment. 

This research can only give us a brief glimpse at 
what happens to matter inside these environments 
and the conditions found there. In the real world 
these planet forming processes take place over 
millions of years, involving many complex and 
unique interactions. We also need to know how the 
elements in the upper atmosphere of planets mix or 
separate as we get closer to their core. 

So there is still plenty of scope for researchers to 
simulate alien environments as accurately as possible 
and by doing so, theoretical models about the 
formation of gas giants can be more rigorously tested 
and refined. @ 


“The energy produced by the lasers 


created a 
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Inside Neptune 


® Mantle 
This subsurface layer is 
composed of a mixture of hot, 
thick water (H20), ammonia 
(NH3), and methane (CH4), 
ten times the mass of Earth 
surrounding the core. 


Bice giant 
Four times bigger 
than Earth, Neptune 
has a radius of 
24,622km (15,299mi), 
and is the furthest 
planet from the Sun. 


@ Atmosphere 
The main constituents 
are hydrogen (H2), 
helium (He) and 
methane (CH4). The 
methane in its stormy 
atmosphere gives it an 
intense blue appearance 
@ Core 

Neptune's iron and silicate core has a 

similar mass and size as Earth. Research 

at NIF suggests it could also be composed 

of diamonds created by the intense 

pressure and heat 


National 
Ignition Facility 
The National Ignition Facility (NIF aL 
nment-funded project to ‘study inertial 
ith the aim of 
ding new forms of energy production. 'Th 
aluminium, spherical target chamber 
nstalled in a en-storey-high target bay 
coated with boron-injected concrete (an 
used for shielding nuclear 
fo absorb neutrons. 
s in the chamber provide viewing ports 
to 192 laser beams that fire at the 
‘hamber. A specially built robotic 
mbly machine p makes targets th 
e the ect density, shape and smoothn 
Aas the facility uses more than 500 trillion 
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A billion light years from the 
Earth lies an elliptical supergiant 
of incredible proportions: IC 1101 

is the largest known galaxy in 
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glow of 100 trillion stars 
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IC 101 sits at the heart of one of the largest 
and most luminous galaxy clusters in the sky 


IC 1101 is located right at the centre of a densely 
populated galaxy cluster known as Abell 2029. IC Sicnol 

1101 takes up a 3 million-light-year stretch of the eee eur a 

Oe ea ee eee enn ee cd heart of the galaxy cluster, dwarfing 
percentage of the overall light emitted. Around CM MM ESS i 
Ce cement ALCL ule 
ARO naa ee Cer R 
POO eet een 
matter. The entire group is shrouded in dust and gas, 
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How bi 
is IC 1101? 


It is hard to imagine the true scale of a galaxy 
measuring 3 million light years across, but 
comparing IC 1101 to familiar landmarks helps 
to illustrate its size. Our own galaxy, the Milky 
Way, measures around 100,000 light years in 
diameter, while our nearest neighbouring spiral 
galaxy, Andromeda, is larger, at around 220,000 
light years. Both are dwarfed by IC 1101 

The Milky Way has a number of satellite 
galaxies, including the Large and Small 
Magellanic Clouds, the Leo and Bootes galaxies, 
and Sagittarius Dwarf. The farthest of these is 
14 million light years away and even taking 
into account the entire set, IC 1101 would be 
wider. In fact. if IC 1101 was positioned between 
the Milky Way and Andromeda, it would fill all 
of the space in between, and still manage to 
engulf them both. 




























| galaxy in space 


SMC 
Diameter: 7,000ly 






LMC 
Diameter: 14,000ly 


Sculptor 
Diameter: 70,000ly 


Bode's galaxy 
Diameter: 95,000ly 


Milky Way 
Diameter: 100,000ly 


NGC 1365 
Diameter: 200,000ly 


Andromeda 
Diameter: 220,000ly 


Ic 1101 
Diameter: 3,000,000ly 
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Inside 


The sheer scale.of this galactic daddy is evidence of its violent as 


Saree eee ea 
supergiant ellipticals. Many were once orderly spiral 
galaxies but violent collisions have distorted their 
outlines, disrupting their structure and bugning 
Meu rat) 

Around the edges of IC 1101, a faint envelope 
Pe ue ae eer ad 
obliterated by the supergiant. In the centre, low- 
ECCS MTT ae 
gentle yellow-orangaglow that indicates that they 
are nearing the end of their lives. 
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According to this sequence, knowh as the ‘Hubble 
‘Tuning Fork’, IC 1101, with its fat and slightly 
Te eee une 

IC 1101 is located right at the céhtre of the 
Abell 2029 galaxy cluster, a position perfect for 
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accumulating a tail of galaxies and dark mattér 
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galaxies pull back against theiflarger captor, sfowing 
its motion by a process known as dynamical friction. 
Te es ee Cie ese ee 
the centre of the cluster, dragging all of the trailing 
Pan 

At this central point, they begin to collide. As 
Po Rec On ee ae ee 
dust mixes, and their structures become distorted. 
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When galaxies collide 


Bunton ks rcsenths (nance ga) 
merging galaxies, known together as II Zw 096, 
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‘This can be seen in the Antenrfae Galaxies, a pair 
Wogan tom comer nite et ks 
Corvus. In the early stages of a merger, their dust 
and gas is beginning to collide, resulting in an 
impressive starburst as matter comes together t@ hd 
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By the 
numbers 







The estimated diameter of IC 1101 in light years 


Per cent of the 
light emitted by 
the Abell 2029 
cluster comes 
from IC 1101 


The apparent — The minimum 
magnitude number of 
of the galaxy, Milky Way- 
making it sized galaxies 
visible with that would 
ground-based fit end-to-end 
telescopes inside IC 1101 


The distance to IC 
1101 in billions of 
° light years 
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Imaging IC 101 


This massive galaxy is visible from Earth, even 
at a distance of 1 billion light years 


Despite the phenomenal distance between us and 
the largest galaxy in the universe, the bright glow of 
IC 1101 is still visible from the 
It was first recorded by American astror 
Lewis Swift. He made a series of observations 
together with his son Edward from the Warner 
Observatory in New York in the late 19th century. It 
da 





omer 











a nebula as it was not known at 





was categoris 
the time that galaxies other than our own existed 


Over a century later the object was recorded as the 


11OIst item in the Index Catalogue of Nebulae and 
Star Clusters by Danish-Irish astronomer John Louis 
Emil Dreyer. Its true nature remained a mystery 
until the Twenties when Edwin Hubble looked at 
our closest galactic neighbour, Andromeda, and for 
the first time he saw that the cloud contained stars 
Since then, the various ‘nebulous objects’ in th 








catalogue have been studied more closely, and 
more powerful instruments 







jensive galaxy survey of galaxy 
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credibly old, formed around 


ame time as the galaxy cluster itself, and then 

















ed over the following millennia 
Much of the study of IC 1101 has been performed 
using radio telescopes. Radio waves are ab 


“The maps produced indicate the 
presence of a supermassive black hole" 
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Chandra reveals the cloud of hot gas 
that envelops the Abell 2029 cluster, 
and IC 1101 at its core 








permeate the dust and the gas, allowing astronomers 
to look into the heart of the galaxy. The maps 
produced by telescopes reveal the core of the galaxy, 
indicating the presence of a supermassive black hole, 
and providing clues about the history of the galaxy 
and its parent cluster 

The Chandra X-ray Observatory has also been 
used to probe the hot gas that surrounds Abell 
2029 and IC 1101. The halo is smooth, and incre 
gradually in inter ps to the 
2, representing gas heated to several million 
and intensity has 
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sity from the outer ed 











asuring the h 





allowed astronomers to map the slow-moving, cold 
dark 1 axy cluster 
at this mysterious substance accounts for 





atter that clogs the core of the gi 





reve 
70 to 90 per cent of the entire mass of the cluster 
NASA‘s Origins programme and the James Webb 
Space ‘Telescope, which is set to launch in 2018, will 
back further into the history of the 
universe than ever before, allowing astronomers 
e earliest stages in galaxy evolution and 
the physics behind t 
axies like IC 1101. @ 
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This composite image shows the vast scale 
of IC 1101. In blue are the galaxies of the 

Abell 2029 cluster, captured at the Kitt Peak 
National Observatory in At na, USA, and 
superimposed in red is the signature of the 
hot gas envelope that shrouds the cluster, held 
in place by an enormous quantity of unseen 
dark matter, and imaged by the Chandra X-Ray 
Observatory. The elon; -d core of IC 1101 is 
visible at the very centre. 

















ewe cr 


GALEX 


‘The Galaxy Evolution Explorer (GALEX) j @ Solar cells 
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PE eA Sel eek tra 
Peat OM eee ona Pee cg 
Poe Een rah ke trae tod PS on Pay ®@ Facing 
PDO ECU RR Son nna / Ror Sao 
BOR Cue ECR eee mS Nibble ealialieh cod 































ee eRe U nome eS sme ted ae robles 
deep and revealed nearby giants, as well as * ‘ blah eden ed 
Ce eae On eee oe 


onets 
ee ees 


detectors on board can capture the 
COTE e ROS CT oa 
Pei ance Ne ACRE Rtg 
galaxies in unprecedented detail, By probing 
Panera toe ecm i 
Perm reece teeth 
Pannen Re eT Sch d 
Pein ec eetoac) 


Preach yee Lae vee) 


telescope 

ee rea 

a.50cm (20in) ultraviolet 

Petre REM 

Ro Ris 

® Compact design 
At launch, the solar 
PCR 
SiC oid 
Een een eun ay 
Rau go cod 
TTR eo 





Ppncgice a 
Cee eta) 
Preece disc) 
eee ers 
ee Aer 
Pines 







www.spaceanswers.com 





Future Tech Cold Atom Space Lab 


Cold Atom 
Space Lab 


Two years from now, NASA will launch an 
experiment module to the International 


Space Station that will become the coldest 
place we know of in the universe 


In 2016, NASA is launching a very cool experiment 
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by Satyendra Bose and Albert Einstein in 1924, but 
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BECs open up all sorts of possibilities for studies 
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“Traces of gases will be captured by 
lasers, diced up by radio knives and 
finally set free by magnets” 
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Focus on Waterfall Nebula 
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Waterfall 
Nebula 


This magnificent structure of 
mysterious origins bears a striking 
resemblance to falling water, but for 
reasons currently unknown 






In the Great Orion Molecular Cloud complex 1.500 
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ROD 
EXPLORERS 


It's now more than 25 years since Voyager 2 became the only 
spacecraft to visit the planet Neptune. When will we return and what 
future spacecraft might be used to study this icy blue gas giant? 


IPSs MUR On oe esac ia ag 
by the gas giant Neptune, To date it is the only 
Recor e aac CTRe e nae 
but if several teams of scientists get their way it 
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unique, Neptune is one of the least understood. 
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akin to the New Horizons mission that will reach 
Pluto next year or an orbiter like the Cassini 
spacecraft around Saturn 


www.spaceanswers.com 


BCU CU ReKes CTICuy 


Neptune sits about 4.5 billion kilometres (2.8 
Pie One n eom eeu kant 
every 165 years. It was first discovered by French 
PE ree eR nee Ce Mea 
great efforts have been made to further understand 
what is now classified as the furthest planet from 
Pe Oe re CuMm eRe ces 
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times the size of Earth, while it is 17 times the mass 
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orbits backwards compared to the other Neptunian 
moons - has led some to suggest it may be a dwarf 
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more secrets about small worlds like these. 

SU anes ees ee eg 
Teen ee ORO eC 
PENS en oem Uae yang 
COE ESM en nr eae at 
Neptune could help us learn more about the distant 
worlds we are so eager to find. It has been suggested 
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Neptune explorers 


could reveal information about what we might expect 
to find as we continue to explore the galaxy 
“We actually know relatively little about th 
giants - Uranus and Neptune - in our Solar System, 
and this category of planet is very plentiful in our 
discoveries of exoplanets,” Dr Candice Hansen, a 





icy 


senior scientist at the Planetary Science Institute, tells 
All About Space. Dr Hansen was a member of NASA's 
Voyager flight team at the Jet Propulsion Laboratory 
(JPL) and, more recently in 2007, proposed a mission 
to Neptune called Argo. But, as she explains, ‘Triton 
makes a mission to Neptune more appealing over 
other candidates like Uranus. 

vith an atmosphere composed 

s out into polar caps 


Triton is a world 
of nitrogen that free: 
seasonally,” Dr Hansen says. “At 38 Kelvin [235 

degrees Celsius, 391 degrees Fahrenheit] surface 








temperature you would expect to find a world literally 
frozen, yet we see geysers erupting sending plumes 
phe 
is, geologically speaking, young, less than 100 million 
years. Does that mean that there is a liquid layer of 
water beneath the icy crust? 


The surface 





of particulates into the thin atmi 


Ithas been suggested that a Flagship Mission 
to Neptune - NASA's most expensive and science: 
intensive cl ible 
beyond 2050 after more pressing goals, such as 
exploration of Titan and Europa, have been achieved 
But that would leave a gap of more than 60 y 
between missions to the blue giant 

So in 2007 Dr Hansen and a team of scientists 
proposed the Argo mission, which would fall between 
Voyager 2 and an orbiter in the 2040s. “Dr Heidi 
Hammel fof the Space Science Institute] and I were 
lamenting the fact that there were no missions to 
Neptune on the drawing board,” says Dr Hansen. “It 
occurred to us that if we proposed a flyby 
rather than an orbiter, we might have a chance 
of fitting within the New Frontiers {mid-class} 
programme cost constraints. 
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And that's where two other teams of scientists 
come in. Dr Adam Masters, previously of JAXA and 
now at Imperial Coll 





ge London. is cha 
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The flyby 
mission 


How the Argo spacecraft would 
study Neptune and Triton 
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Communication aint-Lé, 


ersur ci) 
Pca ht lerrier gre me a respected 
BLU ei) astronomer. In 1845, he 
communicate with used mathematical calculations 
PTE Rca eas to predict th n and of 
retreats e planet in the 


Solar System. Previous attempts 
to find such a world had proven 
iccessful or gone unnoticed 
Jenced by Galileo, who 
ptune in 1612 but merely 
a star. Le Verrier 
J an astronomer tc 
ndings and found 


e planet to be just one degree 


from where it was predicted to be 
making Neptune the only planet 
the Solar System to be found 
through a mathematical prediction. 
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The Neptunian system 


Why is this ice giant and its moons so interesting? 


Moons of 
Neptune ° 


Naiad 
Diameter 66km (41mi) 
Distance from 48,227km 
Neptune (29,967mi) 


atmosphere 


Hydrogen® 
deuteride 
0.019% 











of importance, while Triton bears similarities to an 
object hailing from the Kuiper belt. 

His proposal is for an orbiter to examine both 
Neptune and its moon Triton. “Id most like to 
understand why Neptune's atmosphere is the most 
meteorologically active in the Solar System, despite 
its great distance from the Sun. Also, to know 
whether Triton is geologically active and if it has a 
subsurface ocean,” he says. 

‘Their proposal was recently submitted to the 
European Space Agency's Cosmic Vision programme 
as a candidate for one of its next two large L-class 
missions, which will cost in the region of £800 
million ($1.3 billion). “Because of the success of 
past and present spacecraft missions to Jupiter and 
Saturn, we are now in a position to start seriously 
talking about a mission to the outermost planet,” he 
continues. ‘Our Neptune orbiter mission concept is 
similar to previous mission architectures studied by 
colleagues in the United States in the past, but this 


UCR LT 
eile ed 


Wee ene ena i) 
See aes it 
Seen 
aie 


Thalassa Despina Galatea Larissa $/2004 NI Proteus 
82 km (Simi). 150km(3mi) —-176km(109mi) ~——«-194km(2Imi) 18m (limi) 420km (261mi) 
50,074km 52,526km 61953km 73,548km 105,283km 117646km 
GLISmi) (62,638mi) G8496mi) (45701mi) (65420mi) (73102mi) 


was the first time such an idea had been put on the 
European table” 

‘Their unnamed mission would involve launching 
off one of the most powerful rockets around today, 
followed by a 15-year-long cruise to Neptune, with a 
gravity assist from Jupiter on the way. Once captured 
by Neptune's gravity they would spend at least 
two years orbiting the planet, making 55 flybys of 
Triton in the process. It would use chemical and 
solar electric propulsion, with electric power being 
provided by nuclear power cells. On board would be 
a variety of instruments for remote sensing and in 
situ measurements, allowing a number of questions 
to be answered, including what Neptune's interior is 
like, how its magnetic field works, what processes are 
taking place on Triton’s surface and mare. 

‘The mission would rely on tried-and-tested 
technology, using instruments that have been 
employed on deep-space probes before. But while the 
technology might not be too much of a challenge, 
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actually getting a spacecraft into orbit around 
Neptune is fairly difficult. Two options are available: 
using what is known as a Hohmann transfer orbit 
to gradually match the orbit of Neptune and move 
into position, or a more direct approach using 
gravitational assists from other planets and then 
slowing down once at Neptune. 

“Putting a spacecraft into orbit around any planet 
isn't easy!" continues Dr Masters. “However, we've had 
a lot of success in the past, and there’s no reason why 
we can't be successful again at Neptune in the future. 
Perhaps the most annoying thing about a mission 
to Neptune is that we would have to wait 15 years 
from the launch before we arrive and start making 
discoveries, but | think those discoveries would 
definitely be worth the wait.” 

One thing that will also be needed to make a 
Neptune orbiter a possibility will be an extension 
of the Deep Space Network (DSN). This worldwide 
network of large antennas and communications 
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“We were discussing which of the two 
icy giants to investigate first... we asked 
ourselves, why not explore both?" 


facilities is used to send and receive data from 
interplanetary spacecraft. But for an extended 
mission at Neptune, it would need to be improved 
so that all the information gathered by the orbiting 
spacecraft could make it back to Earth. 

Dr Masters’ proposal isn’t the only concept for 
a mission to Neptune being considered by ESA, 
though. Another called ODINUS (Origins, Dynamics 
and Interiors of Neptunian and Uranian Systems), 
Jed by Dr Diego Turrini from the Institute for Space 
Astrophysics and Planetology, is also in the works. 

ODINUS would consist of two twin spacecraft, 
similar to Voyager 1 and 2, sent on missions to orbit 


Neptune and Uranus, Named Freyr and Freyja, the 
latter would be placed in orbit of Neptune, possibly 
separating from its partner once they had both 
reached Uranus together. Both would carry an 
advanced suite of instruments to study in detail the 
planets they were sent towards. 

“ODINUS was born during a coffee break from a 
discussion between me and the second author of the 
ODINUS proposal, Romolo Politi,” Dr Turrini says. “We 
were discussing about which of the two icy giants 
would be the most interesting to investigate first 
with a space mission and at a certain point we asked 
ourselves, mostly joking, why not explore both.” 
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Such a twin spacecraft method is not 
unprecedented; of course, the Voyager probes are 
perhaps the most famous, but ESA also carried out 
its own twin mission of sorts with the Mars Express 
and Venus Express spacecraft, which launched in 
2003 and 2005 respectively. “Then we ‘only’ had 
to decide which measurements to prioritise {for 
ODINUS] and which ones instead to sacrifice in order 
to design a mission that was scientifically sound and 
technologically feasible,” Dr Turrini continues. 

‘The endeavour would fall to a single L-class ESA 
mission. The favoured scenario for the mission is 
that the two spacecraft would launch together on 
an Ariane V rocket. A third stage using solar electric 
propulsion would take them to the orbit of Jupiter. 
"The first spacecraft would then reach Uranus 13 years 
after launching and the second would reach Neptune 
three years later. 

At Neptune the spacecraft would enter its orbit 
at the boundary of the region populated by the 
outermost moons. Using encounters with the 
satellites, it would then spiral inwards towards the 
planet in a mission lasting about three years, The 
timing of the mission would also mean that the 
operation of the two spacecraft would not overlap, so 
managing the spacecraft would not be a problem 

Dr Turrini admits, however, that such an approach 
is challenging. “Aside from the obvious difficulty of 
fitting this ambitious mission into the budget of a 
single L-class mission, there are also technological 
issues to overcome," he says. These are the 
transmission of data from Neptune: the necessity for 
nuclear power at the orbit of Neptune; and finally 
the long cruise phase, which increases the cost of 
the mission and the risk that the spacecraft may not 
survive the journey. 


But Dr Turrini is hopeful that such a mission, be 
it ODINUS or another proposal to Neptune, is not 

out of the question. Indeed, it appears that ESA is 
generally in favour of a mission to Neptune, while 
NASA is warming to the idea after it has completed 
the exploration of other worlds that are higher on 
the scientific agenda, namely Europa and Titan. "In 
the words of ESA, exploring these planets is ‘a timely 
milestone, fully appropriate for an L-class mission’ 
says Dr Turrini. “Going back to Uranus and Neptune 
is also among the priority goals of NASA, which 
already performed dedicated feasibility studies. I 
think the time for such a mission is approaching, 
but whether it will be possible for me to see it fly, 

or [whether] it will be something for my students to 
spend their careers on, is a different matter” 

Whatever the outcome of these proposals, it seems 
that a return to Neptune in the next few decades 
might not just be a pipe-dream, but instead an 
inevitability. One only needs to look at the success of 
existing orbiters in the Solar System, such as Cassini 
around Saturn, to see that such an ambitious mission 
is possible. Neptune, though, poses an entirely new 
challenge, but as evidenced by these various teams 
of scientists there are no shortage of proposals for 
spacecraft to make the journey to the edge of the 
Solar System. 

And perhaps it is fitting that, 25 years after 
Voyager 2 became the first and only spacecraft to 
visit Neptune so far, scientists can once again dream 
of visiting this distant planet. If they get their way, 
it will not be the same fleeting visit experienced by 
Voyager 2; instead, an advanced probe could spend 
years in orbit, returning untold scientific observations 
of this fascinating gas giant and its equally 
enthralling moon Triton. @ 





Neptune explorers 


ESA's Jupiter Icy Moon Explorer 
QUICE) mission will explore Jupiter 
and its moons when it arrives in 2030 


ESA's Cosmic 
Vision 


ESA's Cosmic Vision is a programme to select 
missions from 2015 to 2025 that will answer 
key questions about the Solar System and the 
universe. The mission will seek to address how 
planets and life form, how the Solar System 
works, what the fundamental physical laws 

of the universe are and how the universe 
originated. 

The missions are split into three classes: small 
(S), medium (M) and large (L), S-class missions 
have a budget up to £40 million ($65 million), 
with the first selected mission being CHEOPS, a 
satellite that will hunt for exoplanets beginning 
in 2017. M-class missions include Euclid, a 
mission that will study dark energy and dark 
matter from 2020. 

The L-class missions have a budget of up 
to £800 million ($1.3 billion). So far two have 
been selected: JUICE, a mission to Jupiter that 
will launch in 2022, and ATHENA, an X-tay 
observatory that will launch in 2028. It's hoped 
that the final L3 slot for a large mission might go 
to one of the proposals to explore Neptune. 





The only 
mission to 


Neptune 
Dr William 

{ Kurth, co- 
investigator 
on the 
Voyager 
Plasma Wave Science 
investigation, on 
Voyager 2 and what the 
future holds 


Why was the Voyager 2 mission to 
Neptune so important? 

“Voyager filled in what could be 
considered a blank slate of what we 
knew about Neptune. Earth-based 
images of Neptune were little more 
than points of light at that time. Hence, 
Voyager showed us the nature of 
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Neptune's atmosphere, its great dark 
spot and a first reconnaissance of its 
system of moons and rings. Triton 
turned out to be a surprise in that 
Voyager found evidence of current 
geologic activity with the discovery 
of plumes. In NASA‘s strategy of 
planetary exploration, Voyager 2 
represented the reconnaissance phase 
~a first flyby to assess the territory 
and to formulate the questions that a 


return mission would want to answer.” 


Was it always planned that the 
spacecraft would fly by Neptune? 
“Before the Mariner Jupiter-Saturn 
1977 (now called Voyager) mission 
began, a mission called the Grand 
‘Tour was studied. The Grand Tour 
would take advantage of a planetary 
alignment of the outer planets that 
only occurs about once ever 176 years 
to use gravitational assists to get from 
‘one planet to the next (Jupiter, Saturn, 
Uranus and Neptune) in about 12 
years, However, in the early Seventies, 
NASA was young and no one knew 


“Voyager found evidence of 
current geologic activity” 


you could build a spacecraft that 
would survive more than a decade 

to complete such a mission. And, 

to attempt to do so would be very 
expensive. So the JupiterSatum 
mission was proposed as a more 
affordable replacement. The engineers, 
though, were instructed to do nothing 
that would prevent the spacecraft 
from continuing on to Uranus and 
Neptune. should they survive. 

“It was thought that a close flyby 
of Titan at Saturn was very important 
given its dense nitrogen atmosphere, 
and executing that trajectory with 
Voyager 1 meant that the appropriate 
gravity assist to Uranus and the Titan 
flyby could not both be done. This is 
why only Voyager 2 completed the 
Grand Tour” 


What do you expect from future 
missions to Neptune? 


“Lwould expect the next mission 
to Neptune to be similar in many 
respects to the Galileo mission 

to Jupiter or the Cassini-Huygens 
mission to Saturn, Cassini-Huygens 
was designed to study Saturn as a 
system, including the planet, moons, 
rings, and magnetosphere. | would 
hope that the next Neptune mission 
would have objectives to study 
those same aspects of Neptune's 
system from the vantage point of 
an orbiting spacecraft with perhaps 
an atmospheric probe of Neptune 

or maybe a lander for Triton, should 
such a mission be affordable.” 


Will there be another mission to 
‘Neptune in the near future? 

“I would hope that mankind will 
see the importance of continuing its 
exploration of the outer planets with 
missions such as one to Neptune’ 
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Planet Earth Education 


Why study Astronomy? 
How does Astronomy affect our everyday life? 









* The Sun provides our energy to live and is used for timekes 


The Moon causes eclipses whilst its phasing determines the for Easter Sunday 






+ Astronomy is one of the oldest sciences. 


Planet Earth Education is one of the UK's most popular and longest serving providers of distance 
learning Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively 
priced courses of the highest standards. Students may choose from five separate Astronomy courses, 


suitable for complete beginner through to GCSE and first-year university standard 





Planet Earth Education's courses may be started at any time of the year with students able to work at 
their own pace without deadlines. Each submitted assignment receives personal feedback from their tutor 
and as there are no classes to attend, students may study from the comfort of their own home 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 


available even outside of office hours. Our popularity has grown over several years with home educators 






usin, s for the education of their own children, 1 





ur 





y of whom have obtained recognised 
science qualifications at GCSE Astronomy level. With each successfully completed Planet Earth 





Education course, students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 





enrolment information. 


@ 0161 653 9092 www.planeteartheducation.co.uk 
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The world's 


largest telescope 


Astronomer Tyler Bourke, one of the scientists charged with 
bringing the Square Kilometre Array (SKA) to life, chats to 

All About Space about plans to explore the universe with the 
world's largest radio telescope 


Interviewed by Gemma Lavender 
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Radio astronomy is set to receive a huge boost in 
the next ten years with the creation of the Square 
Kilometre Array (SKA), a giant observatory built from 
two huge sets of radio dishes and antennas spread 
across two continents. The SKA, which will sport 
over 250 high and mid-frequency radio dishes in 
South Africa and an army of low-frequency antennas 
in Australia, will be the world's biggest telescope, 
observing the universe at radio wavelengths, 
searching for the pulses of spinning neutron stars 
and clouds of hydrogen gas. The aperture arrays of 
the SKA could produce so much data that it will need 
bandwidth the equivalent of that used by 100 times 
the world’s current internet traffic. To handle all this 
information, its computers will need to be 

three times more powerful than the world's fastest 
current supercomputer. 


Could you tell usa bit about your role on the 
Square Kilometre Array (SKA)? 

Imone of the project scientists, Im part of a science 
team of four people, which includes a director and three 
scientists, At this point, our role is to make sure that 


Da rea ceay 


the telescope designs line up with the science that the 
astronomers plan to do with the SKA. These astronomers 
havea wish list and ideas of how to do it 

But there are also practicalities of what you can 
actually design and build for the money available - this 
means that some compromises need to be made as well 
as some technical assessments. It's important to try and 
make sure that when those assessments are done, the 
main science is not left until last and that it still drives the 
project. | guess we make the bridge between the outside 
astronomy community and the inside group of en 
and architects. 
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The SKA is currently in development. How's that 
going so far? 

I's going very well, actually. Plans for the SKA have been 
ona very fast-paced timeline for the last two years and 
its looking to proceed that way for the next two years. 

It isa very aggressive timeline There has been a lot of 
talk about the SKA for along time with a lot of the more 
grandiose ways of how the array should turn out, but not 
really any actions were taken. We've finally decided to 
puta plan into action to get it going very quickly. We're 
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The world's largest telescope 


hitting all of the milestones, which is great but people are 
feeling the pressure and feeling the pinch, There have 
been a lot of people coming back with ‘oh, we don't have 





enough information to do this and do that, but were 
getting it done, 


The SKA is being built in the southern 
hemisphere. Why is that? 

Yes, there are two sites - there's one in South Africa and, 
{one in} Australia. They are two of the quietest radio sit 
inthe world. There is proof of this with there being a lot 
of data available from mapping missions in space and 

of course, looking up from the ground. As you would 
expect, Europe is a hot spot for terrible radio interference, 
asis North America. Places where there aren't many 
people are great and South Africa and Australia fill that 
criteria. We also have the advantage of being close to first 
world countries with great infrastructure and supported 
governments. Those sites aren't too far away from major 
cities such as Cape Town. Soalll of those things help 

but it's all mainly driven by where you want to do the 
astronomy, which is the most important part 





What's so special about operating in radio 
wavebands? 

Well there's particular science that can only be done in 
radio wavelengths and you just need to look back at the 
last 30 or 40 years or so of astronomy - alot of the big 
discoveries have been made at radio wavelengths, So 
particularly the pulsars, which were discovered in the 
UK, could not have been done in any other wavebands. 
Td say that this is a very big example of needing to study 
the universe in radio wavebands, Things like looking at 
complex molecules, which are very interesting for people 
Jooking for life in the universe, is another example and 
very well in the radio wavelengths, 
And looking back in time is also very good in long 

radio wavelengths, since they can see through all of the 
obscuring matter in space in order to go way back to the 
beginning of the universe, which can be very hard to do 
at optical wavelengths and other wavelengths. Its the 
way that a lot of as 


one which is going 








onomy has been done. 


The SKA is around 50 times more sensitive than 
any radio instrument ever built. How powerful 
and how large does the array have to be? 

The largest current telescope is the Very Large Array in 
America and that has 27 dishes of 25 metres (82 feet! 
So for the comparable telescope in South Africa, we will 
have over 250 dishes. That gives you two things - one 
isa much greater sensitivity, due to a large collecting 
area for you to not only be able to see the fainter things 
but for you to observe the sky much faster, and also 

a much larger area of the sky can be observed. So it’s, 
very good for looking at things that go off quickly, 

that flicker and are variable. You want to be able to be 
looking at as much of the sky as often as you can to 
pick things up. It also hetps us to spread the antennas 
ut quite a bit more, so our ability to resolve things is 
greatly increased. If you put those things together, its 
very important. 





How will the array work? 

The resolving power of the telescope is strictly set by 
the largest separation between two antennas, or ifit 
wasa single telescope, the width of the telescope itself. 
So instead of having one big telescope, which is simply 
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Interview The world’ largest telescope 





“The images generated by the 
SKA telescopes are going to be 


quite spectacular” 


not possible - you can't build a single telescope that will 
match the size of the SKA, it wouldn't be able to support 
itself since it would be too expensive and it would just 
sag all over the place. We build a lot of small dishes and 
spread them out over a large area, so you don't quite have 
the aperture ofa single telescope, but if you have a lot of 
them you get pretty close. The further apart they are, the 
better you can resolve something that is far away. 


What will the images look like? 
‘We colour the images by looking at different 
wavelengths. In radio it's not like optical light where 

there is natural colour associated with it. So [in radio] you 
can make pretty pictures and assign your own colour, but 
todo that you need observations at different frequencies 
or equivalent wavelengths - the telescopes of the SKA. 
will do this. We're covering from the lowest frequencies 
of SOMHz and up to 1SGHz, so that's a few orders of 
magnitude. You can make any images you want from 
that - they're going to be quite spectacular. And also, part 
of itis not imaging, Part of itis doing timing observations 
where you can't make images, you're just timing the blips 
from a pulsar, In that case you want to go back again over 
and over to observe the same object and time it over a 
Jong period to get exquisite solutions. Pulsars are great 
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clocks, they are the best clocks in the universe, that's 
what we want to use them for. 


Will the SKA work with other telescopes on the 
ground or in space? 

‘There are two things there and one is to work with other 
radio telescopes. One thing we can dois link up the SKA 
telescopes in Australia and South Africa - not so much in 
eal time but we'll take the data and there will be timing, 
signals attached to all that data, and then you take them 
and combine them based on the time of the signals. At 
present in Australia there are other telescopes that can be 
connected to the Australian array. There are also plans to 
do this in Africa actually, there are many other countries 
in Africa that have these old tracking stations, these old 
dishes that would track satellites and take incoming 
signals and that are no longer in use, and they would 
have to refurbish a lot of those and connect them up toa 
big network. increasing the resolution very much. 

The other way is to not just do the radio but to do 
other wavelengths at the same time, especially optical. 
There will be a telescope that is primarily being built by 
the US in Chile, the Large Synoptic Survey Telescope 
(LSST), which is planned to image the sky completely 
every three nights. That's something we can do as well, 


Anartist’s rendition of the SKA-Low 
ees ent Ucn AON ET 
Pied cece carro 


so astronomers will be very interested in that huge 
amount of data, they will be cross-referencing signals 
from both telescopes and that will be amazing. 


Did you need to develop new technologies to 
build the SKA? 

In the low-frequency range we're basically taking the 
first technologies used in radio astronomy, these very 
simple antennas. But now we can do things much 
smarter in software and the computing side of things, 
which allows you a lot more flexibility in using these 
simple antennas. For the other telescopes, we already 
understand what to do, it is the scale of the problem 
that is a deep factor for now: how do you handle the 
computing side of things? How do you handle the data 
rates? It is something that we haven't had to come 
across at this scale before. Were going to have to do a lot 
of things to address these questions and probably tap 
into areas of computing that are outside of astronomy 
and tap into some big cloud computing. 


What do you hope to achieve with the SKA - will 
you be able to challenge Einstein? 

Oh, Nobel Prizes! Seriously, there are some big questions 
that have been put forward to drive the telescope. One 
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of them is in the area of Einstein’s relativity and gravity Jodrell Bank Observatory, 
in general. We know that Einstein's theories have held Which ishome to the Lovell 
up over the last century extremely well and to exquisite Telescope (pictured), is also 
detail - they are among the most tested theories out the headquarters of the SKA 
there. What we haven't been able to really do is test 
them in extremes of gravity, which are only found out 
in the cosmos, And we can do that with pulsars actually 
- they are the densest bodies we know of - so by 
looking at the pulsars and the timing of them we can 
really start to test Einstein's theory at the most extreme 
ends of the universe. Another thing we want to do is 
study when the first galaxies and the first stars formed, 
some billion years or a bit less after the Big Bang and 
that can only be done at radio wavelengths at which we 
study neutral hydrogen in the cosmos, Another thing 
we want to do is to use the hydrogen line to measure 
the distances to a billion galaxies right back to the start 
of the first stars and with those distances we can really 
test our cosmological models and see how our universe 
evolved. This is something that is very complementary 
to optical work but we can do so much better. 





With its enormous aperture, will the SKA be able 
to make new discoveries? 

Yes, we have tried to design it to be flexible because 
much of the great work done by telescopes of the past, 
they weren't planned for that, especially in the radio 
field, so we need to make sure the telescope is flexible 
enough that there will be new discoveries, Many 
scientists are very interested in that possibility. They 
can say that we have the ‘known unknowns, which 
are things that go off and are never seen again. You just 
need to be looking in the right spot at the right time. 
and a few of those have been found out there and they 
need a radio telescope like the SKA to find more and 
view the whole sky as often as it can at the sensitivity 
required, We know maybe what they are but the SKA 
will be able to see lots of these and will help decide 
what they are. Then, of course, there are the ‘unknown 
unknowns’ and you just have to be looking as much as 
you can all the time all over the sky and we're trying to 
design the telescope to be flexible to do that. 


When will the SKA be operational? 

We are hoping to start construction towards the end of 

2017, and we hope to have enough telescopes on the 

ground by the early 2020s to do some science. This is The SKA will be so sensitive 
called Phase 1 at the moment, where we are trying to geen ey 


build something like ten per cent of the final product Pierre veeseteracg ts 
and this is to demonstrate to the governments putting CRS 
their money into this that we can do what we say we're 
going to do, and that phase we hope will be done by 
2023 or 2024, And from then, we will go into Phase 2 
and hopefully build something a lot bigger. 


‘So what will Phase 2 involve? 

Phase 2 is supposed to be of the order of ten times 
bigger in many ways, and that will be a telescope that 
can last hopefully for 50 years. So that means we will 
have ten times more dishes in South Africa and in the 
low-frequency part of the telescope in Australia, I think 
it will expand by a factor of four or five times in actual 
numbers of antennas out in the field. This will be the 
equivalent of ten times in some ways but not in other 
ways. The cost won't be ten times more though, we'll 
be able to scale things up and understand how to do 
things better. @ 
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Looming very close: the biggest of 
the Red Planet's two natural satellites 


is snapped by an orbiter 
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What would happen if we 
turned Earth upside down? 


Darren Hunter 
If you put all of the physical impossibilities 
of actually turning the Earth upside down 
aside, a flipped Earth would not only have 
its southern hemisphere at the top but the 
direction of our planet's rotation - as seen 
if you were able to get a bird's-eye view of 
Earth from above - would be reversed from 
counterclockwise to clockwise. 

This would cause the Moon and stars to 
move in the opposite direction to what were 
used to with lunar and solar eclipses being 
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Keeping a record of 
your observations 
provides a book of 

stargazing memories 






e 

What's the best 
way to kee 
ajournal o 

my stargazing 
sessions? 

Keith Highland N 


The best way of keeping a journal of 
your sessions is simply using a small 


gute 
ever 
allele eg 


fof running the programme, it is just 

SN ORO to reader 
ie Columbia Shuttle accident in 2003, it 

Nee een 


notepad and pencil! You can note down 
any important information about your 
observations and make sketches of 
anything interesting you see without 
ruining your night vision like you would 
if you used an electronic device. Note 
down as much information as you can, 





such as time, location, date and weather 





as well as what you managed to spot 








After a session some astronomers 
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observable from an opposite 
hemisphere. Additionally, the 
seasons would be reversed 
with animals (as well as us!) 
getting quite confused by the 
change - we would suffer from 
a bit of jet lag, for example. 

With no known forces 
actually capable of flipping the 
Earth upside down, though, this is 
something which could never be put 
into practice. GL 
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What does NASA's 


Deep Space 
Network do? 


Abbie Hannah 
The Deep Space Network is NASA's 
international array of giant radio antennas, 
which is capable of supporting spacecraft on 
interplanetary missions as well as those that 
are put in orbit around Earth. The array is 
also able to make astronomical observations 
of our Solar System and the larger universe 
using radar and radio wavelengths. It’s 
the largest and most sensitive scientific 
telecommunications system in the world. 
Currently, the network consists of 
communication complexes about 120 
degrees apart and based in California, Spain 
and Australia, with each facility situated in 
partially mountainous, bowl-shaped terrain 
to assist with shielding against interference 
from other radio sources, In a clever twist, the 
120-degree placement means that spacecraft 
can continually be observed as the Earth spin: 
on its axis, GL 





The Canberra Deep Space 
Communication Complex 
pmlc) 


CUS US Ce oe Cerne 
famous for their ability to walk 
ry ence a ORS ceca) 

Pecan term 
of an experiment 


2 rd PU Reta haired 
fone after that and on 1 September, 
PSE Tes nie kee 
bre: CUES R Urs eel osg 
ai chcat rent enn teeny 
temperatures of space. Most recently. 
a SpaceX resupply mission delivered 
PR eS OR Shee necks 

Pe eR mt ei ented 
eters ences uC A 






























































Quick-fire 
uestions 
@spaceanswers 


© Can the Milky Way 
really cast a shadow? 
When there is no Moon and the 
sky is pitch black, the Milky Way 
can be seen to cast a shadow on. 
the ground. You would need ideal 
conditions to see it though. 


How fast are 

Neptune's winds? 
The fastest recorded wind speeds 
on Neptune can get as high as 
2,400 kilometres (1,500 miles) 
per hour, making this planet the 
world with the strongest winds in 
the Solar System, 


‘How big is the Chicxulub 
crater in Mexico? 

‘The crater made by the asteroid 

that is said to have helped wipe 

out the dinosaurs is around 180 

kilometres (1112 miles) in 

diameter and 20 kilometres (12 

miles) in depth. 


‘© How did dwarf planet 
Haumea become 
ellipsoidal in shape? 

This dwarf planet is thought to be 

rotating so rapidly that it has been 

distorted into an elliptical shape. 


© Can moons have rings? 
Itis possible for a moon to have 
rings - for example, Saturnian 
moon Rhea is thought to have a 
tenuous three-ring system. 


Unlike the refractor telescope, 
which must use lenses to bend 
light, a reflector telescope needs 
to use mirrors to reflect light to 
form an image of the object that's 
being observed. 


(How do black 
holes grow? 
Black holes get bigger and grow 
in mass by capturing the material 
nearby using their very strong 
gravitational pull. Anything that 
enters a black hole’s event horizon 
can no longer escape, therefore 
becoming swallowed and 
increasing the black hole's size. 


















Quick-fire 
questions 


@spaceanswers 


Can planets form in 

binary star systems? 
Yes, they can - even in triple 
star systems! Among the many 
planets discovered, several have 
been found in these systems 

examples are the systems 16 

Cygni and 55 Caneri A 
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What is an 

accretion disc? 
This is a disc of material - usually 

and dust - often found around 
massive objects such as stars ot 
black holes. 


Are there any planets 

like our own? 
Given the size of the universe, it 
is possible, However, while we 
have found rocky worlds of 
similar size to the Earth we 
haven't confirmed any worlds just 
like our own yet. 


Is there gravity in 

deep space? 
Gravity is what kee 
together and alien planets around 
their stars - so there is definitely 
gravity in deep space. 


galaxies 


What is a ‘Goldilocks 
zone’ 
This is the distance from the Sun 
ora star that has planets, where 
it's not too hot or too cold and 
















 Apomncia 


where liquid water can exist 


What would plants look 
like on an Earth with 
two suns? 

\ccording to research, experts 
think that it's likely that plants 
on a planet orbiting two suns will 
be black or grey rather than the 
green we'e used to on Earth. 


eee 

Ten Cea erea td 

Rete ens oe eta net 
Does Venus cool down? 

Venus doesn't have seasons like 

Earth. With its small axial tilt 

s, the planet 

experiences no temperature 
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cause the planets to cool and create a 

Pie eae een oe? 
A Dyson sphere is a theoretical 

shell (first suggested as a thought 
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variations at all. 
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Would a Dyson sphere 
around our Sun affect the 
HEM pm e elas coieg 
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What would astronomy be like on Mars? 
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Currently, the ‘Swarmies' patrol the 
surroundings of the NASA space 
centre in Florida 


P A, SPACEEXPLORATION] 


What will NASA's 
new ‘Swarmies' 
robots help us to 
achieve? 

Vernon King 

NASA‘ ‘Swarmies’ may help us to 
explore and gather resources on 
the Moon, planets and asteroids. 
Groups of these small-wheeled 
robots could be sent to an alien 
landscape and given a target 
mineral or resource to find. Once 
set free, the ‘Swarmies’ would 


work in a similar fashion to an 
could be constructed around a star ant colony, Each would head 


and would be capable of collecting off separately in search of their 
Paes eet sae Ce objective, covering plenty of 
OU aA ER ace eto ground. Once a robot successfully 
of the energy radiated out from its spots its target it's able to call its 
SO ewe RL fellow ‘Swarmies' to come and help 
Peruana etn Ray mine. As well as out in space, thes 
requirements would be able make the jobots may/also help out here'on 
DUS mens Earth, by assisting with search and 
using a Dyson sphere. ZB rescue missions: zm 





Www.spaceanswers.com 





Bog eed 
Deeg recon 
eeeea in cay 
irs teenttg sey 


ER Apomuencnau 


Are inner rocky planets 
able to form in the outer 
planet's positions 


Jack Simms 
No, it’s not possible, although it 
dl that the outer planets 

could not form in their current arrangen 
locations either - this statement are thoug 
obviously fundamentally r our 
understanding of the Solar System 

Current research shows that the 
rocky planets probably formed in their 
current locations but the outer planets 
must have been much 
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What is a Seyfert galaxy? 
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Seyfert galaxies are intensely studied since they are thought to be powered in 
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means that we can try to get a better understanding of both quasars and Seyferts 

= at the same time. Seen in visible light, both Seyfert galaxies look very much like 
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A complete guide to choosing 
and using your perfect telescope, 
whatever your experience 
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Understanding 
the night sky 


Discover the celestial sphere above you and how it moves with the seasons 


The night sky is a treasure trove of 
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star brightness 


The night sky is pocked with thousands of stars of varying 
ee MMe to cunm tere oa neat ce 
OMT en emcee nm cnkenit 
most luminous stars in the night sky. 
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Cree ee noe mre 
eee eee tenet} 
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The varying brightness of stars as well as other objects are 
Ree Msn Ar Gestetner Rue enit once 
The brighter the object, the lower the magnitude number. It 
scales exponentially, so a difference of five magnitudes means a 


difference of 100 times the brightness. 
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It's easy to think that the night sky 
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Get started in aa 


North celestial pole 

The northern point in the sky, around which 
all of the stars seem to rotate. Directly 
above the pole lies the North Star, also 
called Polaris. 


Right ascension (RA) 

The celestial equivalent of terrestrial 
longitude, projected on to the celestial 
sphere. Right ascension is measured in 
hours (h), minutes (m) and seconds (s) 


Explorin 
the celestial 
sphere 


Autumnal equinox 
When the Sun is at the 
point in the southern 
hemisphere where the 
celestial equator and 
ecliptic intersect, it is 
called the autumnal 
point. Here the 
September, or autumnal, 
equinox occurs. 


Declination (Dec) 
Imagine this as the latitude 
of the Earth, projected 

on to the celestial sphere. 
Declination is measured in 
degrees (°), minutes (’) and 
seconds ("). 


Vernal equinox 

When the Sun is at the point 

in the northern hemisphere 

where the celestial equator 

and ecliptic intersect, it 

is called the vernal 

point. Here 

the March, 

or vernal, 

equinox 
occurs 

















Ecliptic 

This is the Sun's 

path on the 
Celestial equator celestial sphers, 
A great circle on the celestial . as seen if you 
sphere, which lies in the same South celestial pole were on the 
plane as the Earth's terrestrial Only visible from the southern equator at the 

hemisphere, stars rotate around the Earth’s surface. 


equator and is tilted at roughly 


23 degrees to the ecliptic. South Pole. The closest star to the 


Sirius - the brightest 
star in the sky 





www.spaceanswers.com 





Measuring 
distances 


“The Moon is about half a degree in diameter,” an 
astronomer might have told you. We know it to be 
larger than the dwarf planet Pluto, so what does 
this mean? From Earth, our Moon is quite a small 
disc in the sky. In fact, you could probably cover 

it with your thumb. And that's where your hands 
come in - they are an excellent tool to roughly 
measure the size of night sky objects from your 
location on our planet. What's more, they can also 
be useful in measuring the distance from one 
celestial target to another. 


One degree 

Fully extend your arm 
and hold out your little 
finger. This digit roughly 
equates to one degree on 
the sky. Remember, the 
full moon is about half a 
degree in diameter. 


Five degrees 
Ensure your arm is 
stretched out, hold out 
three fingers to measure 
a distance of five degrees 
between two objects 

7, - around six times the 

. width of the full Moon, 


Ten degrees 

Your fist measures about 
ten degrees apart. In 
other words, if you 
could fit your fist snugly 
between two objects in 
the sky, then they would 
‘ be ten degrees apart 


20 degrees 

Holding out your 

arm in front of you 
dh and spreading out 


} your fingers will give 
\ _ you an approximate 
measurement of around 
a 20 degrees. 


‘South Pole is the dim Sigma Octantis. > 
Canopus and A 
14 brightest 
stars in the sky Jupiter Full Moon 
' Venus 


Sun 
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Navigating 


the cosmos 


Learn to find your way around the stars with just a few basic tools 


If you thought that you needed a 
telescope or a pair of binoculars to 
take part in astronomy, then you 
would be mistaken, ‘The beauty of 
observing the night sky is that anyone 
can get involved whether you have 
optical aids or not. All you really 

1 are dark, clear skies - preferably 
without the Moon, The darker and the 
clearer they are, the better. What you 
might not be aware of is that there's 
still plenty in the night sky to be 
observed with 
your eyes 
alone 


net 


















and 





not 


A planisphere isa great 
tool for familiarising 
yourself with local skies 


just the stars that comprise the dusty 
trail of the Milky Way, or the cratered 
lunar surface. Some of the planets 





and comets as well as galaxies are 
all visible to an observer without any 
fancy equipment. Simply identifying 
an object even without observing it 
in detail through a pair of binoculars 
or telescope, really is a rewarding 
experience in itself and a wonderful 
concept to behold 
Now that you've be 
acquainted with the celestial 











en 


sphere, you are ready to 
venture outside. Looking 
ut into space, you'll be 

able to see the brig 





stars and you might be able to name 
some of them from guides you've read 
Don't worry if not - there's plenty of 
time to familiarise yourself with what 
the skies have to offer. You might find 
it useful to purchase a planisphere or 
star map to help you to learn some 
of the objects that you'll eventually 
encounter - and most importantly, 
the constellations. Remember, if 
you're using a star map, then you 
will also need a red light torch 
to be able to see it. Unlike 
white light, red light won't 
ruin your dark-adapted 
vision, which you'll need 
if you want to be able 
to see dimmer stars of 
magnitude 5 or less. 
Ensuring that you're 
wrapped up against the 
elements and have a hot 
drink to hand, you 
can 


now start by doing a spot of naked-eye 
astronomy. Your best bet is to head 
outside when it's clear and from a site 
as free of light pollution as possible. A 
cloudy sky as well as pesky glare from 
a nearby street light will only hinder 
your session, so it's often best - and 
less frustrating - to get to the darkest 
site you can and check the weather 
forecast before setting out 

If you're in the northem 
hemisphere, you'll most likely be 
familiar with ‘the Plough’ or ‘Big 
Dipper’, a seven-star constellation that 
belongs to a larger constellation known 
as Ursa Major, the Great Bear, You 
might even be able to find and name 
some famous constellations such as 
Cancer, Leo or Orion, It is these old 
friends and their member stars that 
will act as signposts to help you to find 
your way around the night sky. 

Its incredibly easy to look up at the 
night sky and feel very overwhelmed, 
as countless objects seem to sparkle 
back at you. That's where star hopping 
comes in. This technique can be a 
saviour, especially when you've been 
hunting for a star cluster or nebula for 
what feels like the whole night! This 
way of navigating your way around 
the night sky is very systematic 
and once you know how to star hop 
effectively, you'll be finding targets in 
no time. In essence, star hopping is 
jumping’ from one view to an adjacent 
view until you find your desired 
object, be it a galaxy or nebula. 


een 
eres areata 
night sky more easily 
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How to use a 





your head pointing south and vice versa for the 
southern hemisphere, Ensure that you orientate the 
compass points and use a red light to illuminate it 





How to 











Orientation 
If you're in the northern hemisphere, you 
should hold the sky chart or star map above 


constellations. You'll have a dotted line on your map 
- that's the ecliptic. Close to this line is where the 
planets and the Moon make their way across the sky. 
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After a few nights of standing under the 
stars, you'll become more familiar with the 


Once you have gained a familiarity with the 

sky, you are now ready to use the star hopping 
technique shown below: this will enable you to use 
brighter stars to locate the positions of dimmer and 
more difficult-to-find objects. 


Familiarisation 3 Navigation 


Draco 
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"ay oe \ = a 
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Cassippera 
" ra \ 
t —— 
o Big Dipper @ North star @ ursa Minor oS Cassiopeia @ target constellation 


You should easily be able to 
find the Big Dipper, made 
of the seven brightest stars 
in Ursa Major, then locate 
the bowl-shaped part of it. 


Using the two stars that make 
the lip of the bowl past the 
Big Dipper, draw an imaginary 
line upwards. This will get 
you to the North Star, Polaris. 


Polaris is a star in the constellation, 
Ursa Minor, which looks like a 
smaller Big Dipper. Trace the 
constellation to make sure you're 
in the right area in the night sky 


Continue drawing the 
line you made to Polaris 
to reach the edge of 
Cassiopeia, in roughly 
the same distance. 


www.spaceanswers.com 


You'll recognise Cassiopeia 
asa distinctive 'W' shape. Be 

sure to trace the constellation 
again so that you can confirm 
that you're in the right area 


B 


IsTARGAZER 
Buylng your 


first telescope 


Find your 
way around 
a telescope 


Refractors, reflectors, Dobsonians... All About Space takes the 


guesswork out of finding your perfect stargazing companion 


‘To see the universe at closer quarters, 
you're going to need a telescope. But 
choosing one can be a nightmare if 
you don't know what you're looking 
for, What's more, you could end up 
spending hundreds of pounds on an 
instrument that you either struggle 
to use and set up or is more geared 
towards the seasoned astronomer. 

A telescope that will do a decent job 
you'll probably be 
looking at somewhere between £150 
and £400 ($245 and $655) for a basic 
but good quality beginners’ telescope 
that comes with at least a couple of 
eyepieces to get you started, Anything 
less than £100 ($165), unless it is 
second-hand, should be approached 
with caution - especially those found 
in toy shops or mail-order catalogues, 
which are usually made of very cheap 
plastic. Aside from their plastic lenses, 
they also lack the most important 
thing you'll need for good stargazing 
sessions - a decent aperture. 

When astronomers talk about 
aperture, they are referring to the 
size of the telescope's lens or main 
mirror, which is essentially the same 
size as the diameter of the opening 
of the telescope's tube. The bigger 
the aperture, the more light that is 
captured and the fainter and smaller 
the object you can see. 

‘The minimum aperture you should 
be looking for is three inches, but 
you'll be better off with a telescope 
in the four to six-inch range. With 
such a telescope you'll be able to see 
craters and mountains on the Moon, 
the cloud bands and Great Red Spot 
on Jupiter, Saturn's rings and a host of 
star clusters, faint galaxies and diffuse 
nebulae. Of course, a telescope can 
only see as well as the quality of the 
sky it's looking at - so if the sky is lit 
up by light pollution, you'll see less 
than you might from a totally dark 
sky. So try to find an observing spot 
in your garden facing south, sheltered 
from nearby street lamps. 





won't come cheap 
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Telescopes come in a variety 
of different types ~ refractors and 
reflectors being the main two, and 
then lots of different versions of 

each. A refractor uses lenses to bend 
and focus the light. while a reflector 
Uses two mirrors to direct the light 

to the eyepiece. Large refractors are 
more expensive than reflectors of the 
same size - for around £200 to £300 
($330 to $500) you might get a four- 
inch refractor, but a five or sixinch 
reflector, Refractors are great for using 
high magnification on objects such as 
planets, where you will want to see 
small details. Reflectors, on the other 
hand, are better for pursuing faint 
objects such as galaxies. 

This brings up the issue of 
magnification. Lots of cheap telescopes 
claim to have 500x magnification, but 
if they only have apertures of one or 
two inches then they are not going to 
be capturing much light to magnify 
in the first place, so all you will get 
isa blurry, unresolved mess when 
you put your eye to the eyepiece. Get 
a decent sized telescope and then 
apply magnification using different 
eyepieces carefully, testing the limits 
of the telescope. 

You will also come across jargon 
such as focal length. or Fratio. If you 
know a bit about photography you 
may have come across these 
terms before, but how do they 
apply to telescopes? The 
focal length is the length of 
the light’s path between the & 
primary mirtor or lens and 
the point where it comes to 
focus. A refractor with a long focal 
length has a very long tube, while a 
reflector can bounce light from one 
mirror to another, allowing the light 
path to be ‘folded’, giving the telescope 
its ‘squashed’ appearance. Dividing the 
focal length by the aperture size gives 
the fratio. Low fratios such as f/2 or 
£14, which are also described as faster, 
give larger views through the eyepiece. 
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Focuser @ 

The focuser enables you 
to fine-tune your view for 
clear sights of your target 































like you are looking at your target in a 
huge sea of stars. Fast Fratios are also 
preferred by astrophotographers. 

Its also important that you 
purchase a telescope with a good 
sturdy tripod to ensure steady views 
of the night sky as well as a good 
quality mount capable of holding 
the telescope tube's weight. While 
researching your ideal telescope. 
you'll come across many types of 
mount, some of which require a hefty 
counterbalance that often confuses the 
beginner rather than assists with their 
tour of the night sky. 

The altazimuth mount, which 
enables the observer to slew their 
telescope from left to right and up and 
down, is ideal for beginners. However 
if youre looking to splash the cash 
then a motorised GoTo telescope, 
which allows you to simply find a 
target by typing instructions into an 
attached electronic handset, is often 
very useful to the novice astronomer. 
While a bit more expensive than a 
manual ‘scope, it allows the beginner 
to leam all about the night sky and 
find targets with ease. 


Eyepiece @ 

Slot in a different 
eyepiece to boost your 
telescope’s power. 
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Telescopes for 
beginners 


Sky-Watcher Evostar-90 AZ3 


lft Finderscope 

When aligned, the 
finderscope allows you to 
find targets easily. 













With an aperture of 35 inches, this refractor is 
perfect for studying features such as craters and 
the lunar mare of the Moon, as well as the phases 
of Venus, the clouds and moons of Jupiter and 
the rings of Saturn. The Evostar comes with 


Tube 

This houses the 
telescope's optics, 
whether they're mirrors, 
lenses or both 


eyepieces of 36x and 90x magnification, a 6x30 
finderscope and an altazimuth mount and tripod 


Sky-Watcher Skyliner 200P 


Dobsonian telescopes are reflecting tele 
built in such a way that you get more z 
or more light-collecting capabilities - for your 

money, The Skyliner-200P is an eight inch 
telescope and is perfect for soaking up the light 
from faint fuzzies such as the Andromeda Galaxy 
It comes with a connector to attach a DSLR 
camer 





-opes, 








perture 


and a 9x50 finderscope 





Meade ETX80 tabletop system 


The EX is Meade’s version of the GoTo system 
but is a straightforward refracting telescope. 
The tabh 





sp system allows the user to plant 
garden table or bench, but there 
is also a connector for affixing it to a standard 
photographic tripod, Meade’s AutoStar computer 
GoTo system will take you to over 1,400 objects 
and includes built-in tours of the night sky. 





the ‘scope on a 





What makes a 

good beginner's 
telescope? 
Telescopes that come as a 
complete package - most come 


Which 
telesc 
should I avoid? 


Cheap, poor-quality models that 
you can often find being sold 


with a tripod, finderscope and 
an eyepiece or two. 


An instrument that meets your 
needs - never buy a telescope 
blindly without doing any 
research first 


The greater the aperture, the 
better, The larger itis, the 
sharper and brighter your 
image will be. 


Good focal length. Get long 
focal lengths for high-power 
objects like the Moon and 
shorter lengths for taking in 
larger areas of sky. 


A steady, sturdy and smoothly 
working mount. 





in high-street stores or in mail- 
order catalogues. 


Telescopes that are particularly 
difficult to set up. 


Instruments that offer fantastic 
magnification for very little cost 
- if it sounds too good to be true, 
then it most probably is. 


Telescopes that are too heavy for 
you to carry. 


A finderscope with a tube hardly 
thicker than your finger, or that 
gives a dim, fuzzy view. 


Instruments that come with 
eyepieces, with barrels of less than 
one-and-a-quarter inches. 
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Meet your top 
ten targets 


Feast your eyes on All About Space's top ten sights for beginners 


1 Jupiter © 


f the Solar System, Jupiter 
best next February when 
the point at 
highest in our 
to Earth. Du 
nt is observable 
nt, where it will 
be the third brightest objec 









position 





sky and at i 





ng, 





most of the n 








t sky after the Moon and Venus. 
autumn, the planet is at about 
nitude +0.5 and will continue 

to brighten through to winter. Easily 
picked out with the naked eye, 10x50 
binoculars will reveal the Galilean 


sons - lo, Europa, Ganymede 














Callisto - while a medium-sized 





cope will show Jupiter's cloud 


bands and its famous Great Red Spot 





PR Vite RAY 
Galaxy (M31) 
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Key 


©) Naked eye 
M@> Binoculars 


x Small telescope 


* Medium telescope 





3 M81 and M82 


M81 is one of the best spiral 
galaxies in the night sky and 
next-door is the 9th magnitude 
M82, or Cigar Galaxy, Both are 
visible in 10x50 binoculars but 
a medium-sized telescope of 
around six to eight inches will 





| the winding spiral arms of 
and its bright core, 





4 North America Nebula 


The North America Nebula lies 
close to Cygnus’s brightest star. 
Deneb. You'll see a dark rift of 
black dust separating it from the 
nearby Pelican Nebula. Both are 
best seen during the summer 
with a medium-sized telescope 
and a low magnification eyepiece. 


was 
5 Saturn 


Pf etre ts Oo PR ATES 
pee ra iar aaLaT 
Pee OIE ACR Cl@e ee le) | 
Magnitude: +0.8 (visible to the 

eno a8 ay Lo) 
eee mel teers: are i) 
The ringed planet Saturn is easily 
spotted with the naked eye as a 
Brel en nr euNAC iy 
RCE ese EPO EET 
in the constellation Libra. You will 
need a small telescope to pick out 
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6 Orion Nebula (M42) 


A great cloud of gas and dust, the 
Orion Nebula is an area of star 
formation that rests around 1,300 light 
years away. It can be found at the tip 
of the sword hanging from Orion 
belt - which is made up of three stars, 
Alnitak, Alnilam and Mintaka - and is 
obvious to the naked eye as a fuzzy 
star’ A telescope or pair of binoculars 
will reveal the nebula's boxy shape 
and the four brightest stars of the 
Trapezium Star Cluster, which are 
just some of the new 
babies of the nebula 

















ly formed stellar 
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7 The Pleiades (M45) 


Perhaps one of the more famous star 
clusters, the Pleiades, also knowr 

as M45 or the Seven Sisters, is most 
obvious to the naked eye 
crisp winter and warmer spring nights. 
With the unaided eye, most c 
round six to seven of the stars 
hat make a pattern akin t 
or Big Dipper constellation - albeit a 
very small, compact one! Hot 
kickir nification throug 


binoculars or a telescope will reveal 


during the 











n only 











up the ma; 





dozens more stars. 





8 NGC 869 and NGC 884 


The two great star clusters NGC 869 
and NGC 884 are 
Double Cluster, and make for an 

e eyes during the 
n of autumn, resting high up in 
the sky in the east. To the naked 
the Double Cluster is just visible as a 
zy smudge of diffuse hile 


in binoculars or a small telescope, 








gether known as 








excellent treat on th 




















your field of view will be dominated 
by stai ‘ing in a stunning variety 
These cover an area equal 
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ree of the sky, an area yc 





extended little finger would cover. 
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The most striking globular 
luster in the northern sky, M13 

is best viewed during the spring 
through to early summer in the 
constellation of Hercules. Pleasing 
sights can be had using a small 
telescope but to really make M13's 
stellar population pop, then a four 
ith a magnification 
of 120x is recommended 





inch telescope 





10 Mizar and Alcor 


For many people, Mizar and Alcor 
will be the first time they see a 
double star system. Look along 
the handle of the Plough in Ursa 
Major and gaze carefully at the 
second star from theend.Ifyou 
ight, you'll 
notice that what appears at first ‘ 
glance to be one star is actually two. 
The brightest, at a magnitude of E 
+22 is Mizar while the fainter star is 
Alcor. Turn a telescope to Mizar and 
you'll quickly see that it's another 
double star! 





have relatively good eye 
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we targets for 


light-polluted sky 


Living in a town or city? Never fear, we've got the: 


ideal astronomical targets for you to observe : ~ 
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STARGAZER 


20 targets for light-polluted sky, 


5 top tips for stargazin: 
frm light-polluted areas 


1, Shield your optics 

Shielding the equipment you are using can work wonders in 
stopping stray light from entering. If you have a short dew 
shield on your telescope, then it can be extended using thick, 
black card. Alternatively, flexible ‘wings’ can be bought from 
reputable dealers to shade your telescope or binoculars. 






(( 
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3. Try astrophotography 

Manipulating images using appropriate photography software 
can help to eliminate the effects of light pollution by reducing 
the orange glow of city lights. Of course this option can work 
out to be quite expensive if you don't already own a DSLR or 
CCD camera, though. 


TURN OVER TO SEE OUR TOP 20 CITY NIGHT SIGHTS 


2. Use specialist filters 

Coloured filters, which enhance details on objects such as 
the Moon and planets, are also very helpful in reducing light 
pollution. Specialist filters, such as City Light Suppression 
(CLS) or Anti Light Pollution (ALP) filters, are able to tune out 
wavelength emitted by low-pressure sodium streetlight 


4. Stay out late 

Stray light reduces as the night wears on - particularly after or 
around midnight. You'll find that your neighbours turn thei 
lights off both inside and outside their houses and many local 
authorities will also turn their street lighting off after midnight. 
This will contribute to the lower light levels 


5. Watch the 
weather 

Artificial light shines 
into the sky and is 
reflected back down 
by dust and water 
vapour in the air. 
When there's high 
humidity or very dry 
spells then dust can 
easily be thrown into 
the atmosphere, 
making things worse. 
Wait for stable 
conditions with low 
wind speeds. 
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The 
Moon 


pe os 
Magnitude: -127 (full Moon) 


AUR Sacre nee OE ret! 
craters can easily be picked out with the naked 
Ca ens een Cnc sat na 
ON ce eu noe Sec eue Rum 


Venus 

Best seen: June 2015 

Magnitude: +5.0 
Minimum aid: Naked eye 
Venus will reach greatest elongation 
east at the beginning of June next 
year, hitting a brightness of +5.0 and 
making the planet unmistakable in the 
evenings. Easily a naked-eye target 
better views of the second planet from 
the Sun can be obtained using a pair 
of binoculars or a telescope. To see the 
terrestrial planet’s phases, the larger 
the power of your telescope, the better. 
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NGC 2903 
Best seen: Winter 
Magnitude: +97 
Constellation: Leo 
}9h 32m 10.1s 
#21° 30° 03" 
id: Small telescope 
one of the brighter 
m the northern 
t for 
picking out this winter gem is to use 
at least a small telescope. However, if 
you have a pair of binoculars, greater 
in magnification than 10x50, then this 
nd its exception 
nation can be pic 
under light-polluted skies 
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Sirius 

Best seen: Winter 

Magnitude: -146 
Constellation: Canis Major 
Right ascension: 06h 45m 09s 
Declination: -16° 42' 58” 
Minimum aid: Naked eye 
Sirius is the brightest star in the night 
sky and can be found in its full glory 
during the winter months by following 
an imaginary line from Orion's belt 
down to the left. It is a binary star 
system made up of a main sequence 
and a white dwarf star in orbit around 
each other. Even in light-polluted skies 
Sirius can be separated 
components using a telescope. 
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Sculptor Galaxy 
(NGC 253) 


Best seen: Autumn 








Constellation: Sculptor 
Right ascension: 00h 47m 33s 





Declination: -25° 17' 18" 
Minimum aid: 10x50 
binoculars 


Also known as the Silver Coin 
or Silver Dollar Galaxy, the 
Sculptor Galaxy is at its finest 
during the autumn months 
and can be picked out quite 
easily in light-polluted areas 
by simply using a decent 

pair of binoculars. One of the 
most easily viewed galaxies 
after Andromeda, NGC 253 
also makes for fair game in 
telescopes where a long and 
bright oval bulge can be picked 
out surrounded by a disc of 
dust and gas. 
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viewing conditions. However, in areas of light 
pollution, the spiral galaxy is perceivable in a 


small telescope - but only just 







arger apertures 


are a mugt in order to bring out details of the 
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3C 273 

Best seen: Spring 

Magnitude: +12.9 
Constellation: Virgo 
Right ascension: 12h 29m 06.7s 
Declination: +02" 03' 09" 
Minimum aid: Large telescope 
Best observed during spring and in 
particular May in both the northern 
and southern hemispheres, 3C 273 

which is not only one of the most 

luminous quasars known but also 
happens to hold the title of being the 
first quasar ever identified - shines at 
a magnitude of around +13. Turning 
a large-aperture telescope towards 
its location in the constellation of 
Virgo, however, will provide you with 
views of a pointlike source not too 
dissimilar to a star 
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Mars 

Best seen: 

22 May 2016 
Magnitude: 2.0 
Constellation: Scorpius 
Minimum aid: Naked eye 
Next reaching opposition in 2016 
when the Red Planet will be at its 
best during the night skies of 
Mars is easily picked out with the 
naked eye as a red ‘unblinking’ star 
Binoculars will show the fourth planet 
from the Sun up as a salmon-pink 
disc, while medium to large telescopes 
should help to reveal some of 
most interesting surface features 
Remember, though, that the use of 
filters and good night sky conditior 
will provide you with optimum views 
of the Red Planet 
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Lagoon Nebula 

(Messier 8) 

Best seen: Summer 
Magnitude: +6.0 
Constellation: Sagittarius 
Right ascension: 18h 03m 37s 
Declination: -24° 23° 12" 
Minimum aid: 10x50 binoculars 
A target in clear night skies untouched 
by light pollution, the Lagoon Nebula 
can be picked up in the constellation 
of Sagittarius with the naked eye. 
However, unless you have exceptional 
eyesight, this emission nebula is best 
found using a pair of binoculars or a 
telescope. Using a minimum optical 
aid, Messier 8 takes on a distinct 
cloud-like oval. As with any nebula, 
you'll see much more with a greater 
aperture and filters. 


Omega Nebula 

(Messier 17) 

Best seen: Summer 
Magnitude: +6 
Constellation: Sagittarius 
Right ascension: 18h 20m 26s 
6° 10° 36" 
: 10x50 binoculars 
Appearing similar in siz ‘edge. 
on’ Orion Nebula, Messier 17 can be 
found in the rich starfields of the 
Sagittarius constellation. Also dubbed 
the Swan or Horseshoe Nebula, it can 
be found quite easily using binoculars. 
Alternatively. if you happen to be 
under exceptionally dark summer 
skies, then this diffuse nebula is easy 
to trace using the naked eye. Larger 
telescopes will also reveal just over 30 
stars embedded in the nebulosity 
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Betelgeuse 
Best seen: Winter 
Magnitude: +0.42 
Constellation: Orion 
Right ascension: 05h 55m 10.3s 
07° 24° 25.4" 
Naked eye 








Hyades 
Best seen: Autumn 
Magnitude: +0.5 
Constellation: Taurus 
Right ascension: 4h 27m 
Declination: +15° 52’ 
Minimum aid: Naked eye 








Sagittarius Star Cloud 
(Messier 24) 
Best seen: Summer 
Magnitude: +4.6 
Constellation: Sagittarius 
Right ascension: 18h 17m 


18° 29° 
: 10x50 binoculars 






Campaign 
for Dark Skies 


Light pollution is a big problem for many 
astronomers. That's why the Campaign for 
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Messier 92 
Best seen: Spring 
Magnitude: +6.3 
Constellation: Hercules 
Right ascension: 17h 17m 074s 
Declination: +43° 08' 09.4" 
Minimum aid: 10x50 binoculars 


Messier 41 
Best seen: Winter 
Magnitude: +4.5 
Constellation: Canis Major 
Right ascension: 06h 46m 
Declination: 20° 46° 
Minimum aid: 10x50 binoculars 


Messier 22 
Best seen: Summer 
Magnitude: +5.1 
Constellation: Sagittarius 
Right ascension: 18h 36m 23.9s 
Declination: -23° 54’ 171" 
Minimum aid: 10x50 binoculars 
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PSPs Cet Ped 
Declination: +12° 23' 28" 


Te Suet Rees 
An almost featureless ellipsoid with no dust lanes to speak of, 


Dark Skies (CfDS) was founded by a group of 
amateur astronomers in 1989 and is currently 
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force you to upgrade to a medium-sized ‘scope in order to find it 


Messier 65 

Best seen: Winter 

Magnitude: +10.25 
Constellation: Leo 
Right ascension: 11h 18m 55.9 
Declination: +13° 05' 32” 
Minimum aid: Small telescope 
Located around 35 million light years 
away and a member of the ‘Leo 
Triplet’. which also contains Messier 
66 and NGC 3628, Messier 65 (also 
known as NGC 3623) can often be 
found using a pair of binoculars as a 
distinct grey oval. If you fi 
battling 2 





id yourself 





inst moonlight and/or 
light pollution, however, you are likely 
to struggle without the improved 





aperture of a telescope capable of 
teasing out the structure of this 
wonderful spiral 


atroetiahts 
Street lights a1 
authorities will place them only 
where But just by altering 
the direction of artificial light and 
changing the usual yellow, sodium 
such as LEDs can work wonders in 
preserving dark skies. 
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Dumbbell Nebula 

(Messier 27) 

Best seen: Summer 
Magnitude: +75 
Constellation: Vulpecula 
Right ascension: 19h 59m 36.345 
Declination: +22° 43' 16.09" 
Minimum aid: 10x50 binoculars 
A picture of a star death in action, with 
hot material being thrown out from 
an extremely intense stellar core, the 
Dumbbell Nebula will appear as a large 
star that seems fuzzy and out of focus. 
Of course, the power of a telescope 
will reveal more and you should be 
able to pick out this planetary nebula’s 
central star. Due to its diffuse nature, 
you will receive pleasing views with 
the assistance of filters to play up the 
nebula’s beautiful colours. 

















Very bad 


run by the British Astronomical Association 

(BAA). Open for everyone to join, the CfDS 
is trying to reduce lighting where 
appropriate and helped to establish 


several Dark Sky Parks 
and Reserves. 





Crab Nebula 

(Messier 1) 

Best seen: Autumn 
Magnitude: +8.4 
Constellation: Taurus 
Right ascension: 05h 34m 31.94s 
Declination: +22° 00' 52.2" 
Minimum aid: Medium telescope 
Easily one of the most famous 
supernova remnants in the night sky, 
the Crab Nebula is the aftermath of 
the catastrophic explosion of a star 
that went supernova in 1054. Not 
visible to the naked eye even under 
the most favourable of conditions, 
Messier 1 requires a telescope to be 
seen from towns in its faint and fuzzy 
form. With a very good telescope and 
imaging equipment, you can draw out 
the breathtaking detail of this object 
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it does. Since then I have started volunteering at Kielder 
Observatory in the Northumberland International Dark Sky 
Park. I shot noctilucent clouds using a Canon 1100D camera on a 30-second 
exposure from Sunderland in July. I felt extremely excited when I took this 
image because it really captured the detail and colour vibrancy in the display, it 
was an absolutely breathtaking display and now I take images whenever I can.” 
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Bode's Galaxy (M81) and 
Cigar Galaxy (M82) 






Send your photos to... “> @spaceanswers @ photos@spaceanswers.com 
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stargazing 


Stones 


Email the story of how you got 
into astronomy to photos@ 
spaceanswers.com for a chance to 
feature in All About Space 


Ray Bonner 


Location: London, UK 

Twitter: @bonner2 

Info: Astronomer for 30 years 
= = Current rig 

Telescope: Meade ETX 70AT 

Mount: Altazimuth 





Other: Canon EOS 400D, 20x80 Zhumell binoculars, 10xSO 
and 8x30 Binoculars, heavy duty 
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is fine for imaging the Moon and 
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orange light out with software), but to 
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Ray's top three tips 


1. Use apps for 2. Be prepared! 
tracking Set up your camera on a 
Check satellite pa 
for your location using _the stated pass time, then 
smartphone apps -they take pract 
should give you the time, establish that your line of 
direction, magnitude and _ sight, focus and exposure 
height of a satellite or ISS, times are good. 
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3. Use long 
exposures 
Use a remo! 
to take 
exposure 
means you can blend 


ontrol 









successive long 


ots, this 


se “Me with my setup 
pene in my backyard in 


them toget! 





photo software package East London” 


4 


WUE os ou eee aud 
EY eee o ee Ci icluy 
een nw 





Wwww.spaceanswers.com 


Stargazing stories 


Shaun Reynolds 
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Location: Norfolk, UK 


Bg Twitter: @shaunreylec 
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Current rig 


“I became interested in astronomy 
about five years ago. A friend of mine 
got himself a scope and mount as he 
wanted to get into astroimaging and 
he asked me if I was interested as | 
like photography. My initial response 
towards astrophotography was a mild 
interest but I went to his and we put 
my Canon 1000D DSLR on his scope 
and within a couple of 60-second 
images, I was totally hooked! 

“That winter I spent many hours 





travelling some 20 miles to my 

friend's house to image. | remember 
having many very late nig 
I returned home at about 





ts where 





am with 
some data under my belt ready for 
processing. Since then I have built my 
own back garden observatory with 
a slide-off roof (a shed design) and I 
image mainly from there. 

The skies are quite good where 
Ilive and I'm only two miles from 


Info: Astronomer for 4.5 years 


Telescope: William Optics FLT 98 APO scope 
Mount: Sky-Watcher NEQ6 

Other: Starlight Xpress SXV 694 Mono Cooled CCD, Sky- 
Watcher ST 80 telescope 


Norwich Astronomical Society, which 
is based on a very well equipped 
site. | have been a member of this 
astronomical society for five years 
now. Astronomy is the most absorbing 
and satisfying hobby and I have learnt 
so much (and I am still learning) 
Ihave done some outreach at the 
club, from showing the public some 
Messier objects to doing my first ever 
talk last year on astroimaging, which 
I thoroughly enjoyed despite the first 
time nerves! 

“A particular highlight for me was 
getting shortlisted last year for the 
Astronomy Photographer of the Year 
by the Royal Observatory Greenwich 
and having my image published in 
the book that was produced after 
the competition. Attending the 
awards ceremony at Greenwich was a 
memorable night as | got to meet all of 
the other photographers” @ 


Shaun's top three tips 


1. Do plenty of 2. Get good 3. Don't 
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sTARGAZER 
Celestron 


PowerSeeker 80 AZS 


Perfect for beginners, this ‘grab and go’ 


impressive optics for a budget price 


Telescope 
advice 


Given the precedent that Celestron 
has set when it comes to the 
excellent design and optical system 
of its telescopes, we were very 


Cost: £145 ($139.95) much looking forward to trying the 
From: David Hinds Ltd PowerSeeker 80 AZS out. More so 
‘Type: Refractor because this telescope is a fairly 
Aperture: 3.15° new addition to the market aimed at 
Focal length: 16" beginners to the hobby of astronomy. 


While many manufacturers are 
geared more towards the GoTo and 
complicated ‘scopes that require 

tools as well as nuts and bolts to put 
them together, it is very refreshing 

to discover that we were able to 

put this refractor telescope together 

in less than ten minutes. What's 

more, we didn't really need to use 

the instructions - which are very 
comprehensive we might add - since it 


Best for... 


9 Beginners 

@ Low budgets 
q ) children 

S Planetary viewing 
(a Terrestrial viewing 
@ Star clusters 

oO Bright nebulae 
@ Double stars 


The 5x24 finderscope was 
used with ease and was able 
to pick out a few faint target 
stars for starhopping 


was so intuitive. There is no need for 
Allen keys or screwdrivers and it's easy 
to fit the 16° tube to the altazimuth 
mount and tripod. Extra fixtures, such 
as the finderscope are also a breeze 
to attach, With a sturdy, collapsible 
mount and a very lightweight design. 
we could recommend this refractor to 
a family and to those who are looking 
for a ‘grab and go’ ‘scope, which can 
easily be packed up and put in the 
back of the car. 

On inspecting the telescope once 
it was set up, the 
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refractor offers 


build is fair for the price. As you would 
expect with many budget telescopes, 
the PowerSeeker's focusers are made 
of plastic, as is its 90-degree diagonal 
While this isn’t a massive drawback, 
there are budget telescopes of similar 
price with higher quality focusers. 

On its tripod, this refractor is one that 
you would need to take extra care 
with, since it is not as robust as other 
budget telescopes we have reviewed 
in All About Space. However, the 
altitude-locking bar, used for keeping 
everything in place, did a sound job. 

As with previous Celestron models 
that we've taken for a spin under 
the night sky, we had high hopes for 
the PowerSeeker's optics. Given the 
refractor's f5 focal ratio, which offers 
a wide field of view, we were looking 
forward to turning the telescope tube 
toa variety of different targets within 
reach of its optical limits - bearing in 
mind its highest useful magnification 
of 189x and lower end of 11x. With 
only one supplied Plossl eyepiece, we 
were limited to a magnification of just 
20x, however. 

Keeping the price of this telescope 
in mind, we thought that the 
PowerSeeker's optics were very good 
for the money. Initially, we did worry 
that with an erecting image diagonal. 
that there would be a degree of 
scattering. Yet, given the telescope's 
low power and rich-field, we didn't 
find this to be a particular problem. 
With the last quarter of the 
Moon in the sky, we took the 
opportunity to view its craters, 
which were beautifully picked out 
by the lunar terminator. As far as 
clarity goes, this refractor provided 

quite sharp, bright and clear views 
that many beginners to astronomy 
will enjoy and will be proud of. Sadly, 
we did notice a degree of pesky 
colour fringing, but this didn’t detract 
from the views through it. The low 
magnification meant that the lunar 
surface didn't fill the field of view too 
much - and means that beginners 





won't get ‘lost’ looking at the Moon's 
surface, The 5x24 finderscope did 
a satisfactory job in assisting with 
manually moving actos the Moon's 
surface, to provide clearer views. We 
did find that it was quite small though 

something that might put some 
observers off. However, we thought 
that the finderscope's size gave a true 
indication of what the PowerSeeker 
could achieve and it was quite capable 
of picking out faint stars that were 
ideal for starhopping 

Swinging the telescope up and 
down and left to right, the altazimuth 
mount was easy to move, however, we 
did hold the tripod to add a bit of extra 
stability - just in case - as there was a 
slight degree of shaking. 

Given the telescope’s wide field of 
view, it's capable of picking out star 
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STARGAZER | 
Telescope advice 


The multicoated lenses 
provided clear and crisp sights, 
however, there was some slight 
colourfringing 









od 
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“Offers sharp, bright and clear 
views that many beginners to 
astronomy will enjoy” 


clu 
ease, akin to a pair of binoc 





rs and split double s 





Aplastic focuser, the lower 
quality of which wasn't entirely 
unexpected given the price of 
the telescope 





sasily split double stars 
ar in Ursa Major a 


quickly and 
Alcor an 
down to obs 
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Or 





as the Pleiades, as well a 
Nebula. 
to the multicoated lenses were had 
and we felt that this is something that 
the PowerSeeker excelled at 

Overall, the telescope is a good 
choice for beginners. ‘The basic 
standard of extras included made us 
feel that it would benefit from some 
additional eyepieces, to make the most 
of the upper limits of magnification 
Not only that, but a much improved 
diagonal would benefit the telescope 
greatly. All in all, though, a very good 
telescope given the price, and one 
that'll last for some time. @ 
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8x25 binoculars 


Suitable for basic lunar observing, we put these light 8x25 binoculars 
head-to-head to see which pair gives more bang for the buck 


Minox BV 
8x25 BRW 


Cost: £105.60 ($169) 
From: www.365astronomy.com 
Compared to the Barr and Stroud Saharas, 
these binoculars have a less rugged 
design, but are similarly comfortable 
during use and are nice and light, too. 
When it came to using these binoculars 
for lunar viewing, we felt that the lens 
quality was better than that of the Barr 
and Stroud binoculars. They produced 
clear, bright views surprisingly well for 
the 25mm objective and the image stays 
in focus for a very good proportion of 
field of view. The focus was very smooth 
extremely quick and precise - and really 
proved to be one of several things we 
loved about these binoculars. They had an 
excellent depth of field, too 
Since the Minox work well under low 
light conditions, we got better views 
of star fields than with the Barr and 
Strouds. However, for individuals who 
want binoculars solely for stargazing 
you're much better off getting a more 
powerful pair. For basic views of the 
Moon and wildlife though, the 
Minox get our vote, 


Barr and Stroud Sahara 8x25 


Cost: £58 ($137) 
From: www.365astronomy.com 
On first impressions, these 
binoculars certainly looked as 
if they would be up to the task 
And we weren't disappointed 
either ~ especially because their 
price should sit comfortably for 
both those on a tighter budget 
and anyone interested in nature 
watching and the occasional view 
of the Moon 

They are quite chunky, but fit in 
the hands well. While they were 

























light enough to wield comfortably 
they were also reassuringly heavy, 
which illustrates the quality of their 
build and allowed for steady views 
of the lunar surface. An added 
bonus was the waterproof design 
making these binoculars perfect for 
damp conditions 

While we got clear views and 
well-defined features on the Moon's 
surface, we found that 





e eye 


telief wasn't the best. To get around 


this, you can hold the eye-cups 
slightly away from the eye, but we 
found this to be tiring on the arms, 
especially when observing for long 
periods of time. 

For astronomy, we recommend 
going for a decent pair of 10x50 
binoculars, since the exit pupils 
limit you when it comes to truly 
scanning the night sky. They did 
however, do a decent enough job 
for lunar observations. 
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We've got the perfect giveaway for anyone 
just breaking into astronomy 
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Hermann Oberth 


One of the lesser-known founders of 
modern rocketry and astronautics 


While America's Robert Goddard is 
often credited as being the ‘father of 
rocketry’, he was by no means the 
only influential figure in propelling 
astronauts into space, Hermann Julius 
Oberth was of the same generation 

as Goddard, born in what would 
become modern-day Romania, in 
1894, He developed a passion for 
science and science fiction at an early 
age, obsessing over the likes of Jul 
Verne's Around The Moon and From 
The Earth To The Moon, 

Although he was already toying 
with rocket concepts and rocket 
science by his early teens, he was too 
far ahead of his time and he lacked 
the resources to pursue a career in 
this area, Instead, he went to study 
medicine in Germany in 1912, but that 
too was scuppered by the outbreak of 
World War 1. Oberth was enlisted into 
the Imperial German Army and sent 
to fight the Russians on the Eastern 
Front, before being moved to work ina 
military hospital. It was here he found 
the time to return to his experiments 
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in rocketry, even demonstrating 
a liquid propellant rocket for the 
Prussian minister of war. 

Following the end of World War I, 
Oberth returned to Germany to study 
physics. His work in the relatively 
unknown area of rocketry wasn't 
taken seriously though, and it wasn't 
until 1923 that he finally obtained his 
doctorate in physics 

By the end of the Twenties, Oberth’s 
work had begun to pick up some 
traction. He fired his first liquid fuel 
rocket motor in 1929, assisted by none 
other than an 18-year-old Wernher yon 
Braun, a controversial but nevertheless 
crucial figure in the development of 
the rocket programme 

Like Von Braun, he was caught up 
in the Nazi regime's Army Research 
Center in Peenemiinde, where he 
helped develop the V2 rocket, among 
other top-secret projects. Peenemiinde 
itself is generally regarded as the 
birthplace of modern rocketry 

After the war, Oberth focused more 
generally on space and astronomy, 











writing a book on spacecraft, space 
stations and spacesuits. A stretch of 
the imagination and a subject for 
science fiction in the Fifties when it 
was published, but Oberth was later 
to prove that, once again, he was a 
thinker ahead of his time 

Like a number of prominent 
German rocket scientists that were 
formerly under the employ of the 
Nazis, Oberth moved to the US where 
he found himself working for none 
other than his former assistant. 
Wernher von Braun. He contributed 
ideas to the next decade of space 
technology and also became 
technical consultant on the Atlas 
rocket programme: this was the 
rocket that launched the first four US 
astronauts into orbit and has gone on 
to be involved in around 600 launches 
across its five basic models. 

During the peak of his career in 
the Fifties, Oberth openly supported 
the idea of an extraterrestrial origin 
of unidentified flying objects that 
had been reported around the globe, 
stating, “flying saucers are real and 
are spaceships from another solar 
system... possibly are manned by 
intelligent observers” 

Oberth retired in 1962 and died in 
1989. He has a lunar crater named in 
his honour as well as an astronautic 
principle: the Oberth effect. @ 
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Black Holes Reveal 


Time Travel 


Now you can learn the basic ideas behind Einstein’s theories of relativity 
and quantum physics from 24 vibrant, expertly delivered lectures. In 
Einstein’s Relativity and the Quantum Revolution: Modern Physics 
for Non-Scientists, 2" Edition, Professor Richard Wolfson explains 


these two awe-inspiring concepts in ways that anyone can readily master. 


A professor of physics and a prolific science author, Dr. Wolfson clearly 
explains relativity and the principles underlying quantum physics. 
Whether exploring the nature of light or investigating the ideas of 
spacetime and time travel, these brilliant lectures will strengthen your 
understanding of our strange, beautiful universe. 


Offer expires 21/11/14 
THEGREATCOURSES.CO.UK/7ABS 
0800 298 9796 





LECTURE TITLES 


|. Time Travel, Tunnelling, Tennis, and Tea 
PP NU R= ee Celio) 
3. The Clockwork Universe 
4. Let There Be Light! 
5. Speed c Relative to What? 
PUR ee eS RR led 
7. Einstein to the Rescue 
bP aeolian Ae ML 
Me IER Sen Recess Rae) 
10. Escaping Contradiction—Simultaneity Is Relative 
11. Faster than Light? Past, Future, and Elsewhere 
DA elle ome en le CoC hd 
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Br een ae B-or le 
15. Black Holes 
Ree lca Clg 
17. Enter the Quantum 
18. Wave or Particle? 
Biel Te Melilla alee LCA) 
Piao Raid 
21. Quantum Weirdness and Schrédinger's Cat 
22.The Particle Zoo 
23.Cosmic Connections 
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Einstein's Relativity and the 
Quantum Revolution: Modern Physics 
for Non-Scientists, 2"? Edition 

Course no. 153 | 24 lectures (30 minutes/lecture) 


SAVE £30 


DVD £5439 NC J 
CD £3899 4.5 
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NexStar” 
EVOLUTION 


The first ever Schmidt-Cassegrain 
Telescope with fully integrated WiFi 


Now you can leave your hand control 

behind and slew to all the best celestial 
objects with a tap of your smartphone 

or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 


6", 8" or 9.25" SCT. 





Available from specialist astronomy retailers and selected other dealers nationwide. 
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


wwWw.celestron.uk.com 


